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Chapter 1: MGA Product Overview 


Tis chapter contains an overview of the Matrox MGA chipset features 
and software products. 


1.1 Introduction 


Matrox MGA is a high-speed, high-resolution graphics accelerator series of products designed for the 
power user. MGA is very suitable for GUI environments such as Microsoft Windows 3.1 and Windows 
NT, IBM OS/2 PM, Unix X-Windows, and AutoCAD. It offers ultra high resolution displays with true 
color, real-time 3D, and many other innovative hardware and software enhancements. 


MGA’s 64-bit graphics power, in combination with a 486 or Pentium-class PC is in our opinion the best 
graphics solution if you require true workstation-level performance at a reasonable price. 


1.1.1. MGA Chipset 


The Matrox ATHENA chip lies at the heart of MGA’s powerful graphics capabilities. It offers an ISA 
interface for ISA bus products, and a PCI interface for PCI systems. Several possible memory 
configurations permit design of 8,16, 24, and 32 bits/pixel displays at resolutions up to 1600 x 1200 
pixels. Figure 1-1 shows a block diagram of a typical graphics display adapter which uses the MGA 
ATHENA chip. 


ATHENA Main VRAM RAMDAC: | Analog 
2D/3D Accelerator Frame buffer 39 BT-48x, 
plus VGA (up to 6 MB) * TI VIEWPOINT, | RGB 
30 and others 
A 
16-bit DRAM | VGA 
Optional BIOS 
132 Z-buffer 
(up to 4 MB) | 
In some cases, a Multiplexer (or the 
Matrox MGA DUBIC chip) may be present. 


v 


Host Processor Interface (ISA, PCI, EISA, MicroChannel, VESA-VL, or proprietary) 


Figure I-l: Typical | mplementation Block Diagram 


The chipset functions as a stand-alone graphics controller that features an integrated VGA to offer both 
VGA Mode and high-resolution Power Graphic mode operation. It contains a 32-location Command 
FIFO and address and data processing units (APU, DPU). In addition, LINE, Trapezoid, and BITBLT 
drawing operations are available, supported by DMA and Pseudo DMA transfers. These enhancements 
make screen operations such as redrawing and scrolling appear instantaneous. 


ATHENA is pin-compatible with the MGA ATLAS chip, so ATLAS-based designs can take advantage of 
ATHENA’s additional features without modification to the board’s design. 
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1.1.2 Features 


» From | to 6 MB of frame buffer VRAM in configurations up to 32 bits/pixel 
. VRAM block write operations for maximum speed 


® Photo-realistic true color display, and QCDP (Quality Color Dithering Process) for displays of less 
than 24 bits/pixel 


. Ultra-high resolution of 1600 x 1200, with 256 colors 

. Workstation performance with speeds from 2 to 12 times faster than competitors’ boards 
. 64-bit frame buffer data bus width 

. Available Z-buffer option (2 to 4 MB DRAM) 

. Hardware assisted Gouraud shading and depth-cued wireframe 


. Integrated VGA, for full support of all DOS applications, eliminating the need for a separate VGA 
card 


. Integrated 3D graphics engine 

. Integrated PCI interface 

. Direct RAMDAC interface 

. Fast, flicker-free refresh rates up to 120 Hz 

. Support for ISA, VESA VL, Micro Channel, EISA, PCI, and other architectures 


. Installation of up to four boards in a system 
1.1.3 Driver Support 


MGA Power Drivers are available for Windows 3.1 and AutoCAD Rel. 11/12. The ‘MGA Supplementary 
Drivers’ package contains drivers for Windows NT, OS/2, and MicroStation (with dual display). 
We provide: 


. Support for popular Windows and DOS design and presentation applications 


» DynaView driver for AutoCAD Release 11 and 12 that includes real-time scroll bars, spy glass, and 
bird’s eye view, etc. 


= Support for AutoCAD 12 for Windows, and MicroStation PC 
. A 3D library which supports SXCI, with planned support for OPEN GL and HOOPS 
1.1.4 Windows Support 
. Control Panel for Windows controls the PixelTouch hardware pan and zoom, Virtual Desktop, and 
‘on the fly’ resolution switching (without rebooting Windows) through the use of hotkeys. 
» Font anti-aliasing in hardware 


. In addition to the drivers listed above, the ‘MGA Supplementary Drivers’ package also contains the 
ConsistentColor monitor calibration utility to ensure accuracy between your screen display and the 
printed output, and the WinSqueeze! on-the-fly JPEG file compression utility, which can achieve 
compression ratios of up to 28: 1. 
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1.1.5 Video Support 


» MGA interfaces with the Matrox Marvel video capture/video windowing board. 


= The MGA VideoPro NTSC/PAL encoder provides output capability for recording presentations, 
animations, and AutoCAD walk-throughs to tape. 


» Hardware-assisted Video for Windows (VfW) and Indeo are supported. 
1.1.6 Software Developer Support 


. Software libraries (SXCI) are available for developers for the DOS and Windows 3.1 platforms, 
with support planned for HOOPS and Open GL. SXCI is a complete 2D/3D API which fully 
exploits MGA’s hardware acceleration capabilities. 


1.1.7. Documentation 


Other documentation available for Matrox MGA products includes: 
" MGATITAN Specification (103 1&MS)* A description of the Matrox MGA TITAN chip. 
. MGA ATLAS Specification (10348-MS)* A description of the Matrox MGA ATLAS chip. 
. MGA DUBIC Specification (10232-MS)* A description of the Matrox MGA DUBIC chip. 


. MGA SDK Manual (10330-MF) A user/reference manual for the MGA software 
developer’s kit for DOS and Windows 3.1. 

. MGA DynaView /2D for AutoCAD A user/reference manual for the Matrox MGA 

Manual (10345MN) DynaView driver for AutoCAD and 3D Studio. 


« MGA Supplemantary Drivers Manual _ An installation/user manual which describes our 
(10352-MN) OS/2, Windows NT, and MicroStation PC drivers, as 
well as the MGA WinSqueeze! and ConsistentColor 
programs for the Windows platform. 


* Like the ATHENA Specification, these are restricted documents. See your Matrox Sales representative 
for more details. 


The PCI Bus Specification from the PCI Special Interest Group contains additional information on 
hardware implementation for the PCI architecture. 
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Chapter 2: ATHENA Overview 


This chapter introduces the Matrox MGA ATHENA chip and its component 
sections. 


2.1 Introduction 


The Matrox ATHENA chip supports both VGA and Power Graphic mode displays. VGA mode supports 
the VGA standard, while Power Graphic mode provides additional high-speed, ultra-high resolution 
displays. You can switch between the two modes while using the same monitor for both. ATHENA can be 
configured for PCI bus systems, or for ISA (and other) bus systems. 


The ATHENA chip is a stand-alone graphics controller which is composed of several sections that work 
together to accomplish the many tasks required of them. The ATHENA sections are listed below, and 
discussed in the following sections of this chapter. 


» Bus Interface 

. VGA 

. Bus Interface FIFO (BFIFO) 

. Address Processing Unit (APU) 
" Data Processing Unit (DPU) 

» ZIALU 


2.1.1. Bus Interface 


This section of ATHENA implements the interface with the host. Two bus interfaces are supported: an 
ISA interface and a PCI interface for the PCI bus. 


The Bus Interface section includes: 
Q All of the control circuitry for the ISA and PCI buses 
a PCI control, decoding, and re-mapping circuitry 
Q Configuration registers 
a I/O buffers @-location FIFO for writable devices; 4-location FIFO for ILOAD operations) 
Q Byte-alignment circuitry; 32-to-8 bit access conversion for VGA and I/O 


Q The data path (data and addresses) from the host 
2.1.2 VGA 


This section implements the VGA functions, and includes: 
Q The VGA core, which interfaces directly with the frame buffer in VGA mode 
Q The circuitry for video refresh in Power Graphic mode (see Section 6.3.6), which includes 
address generation, data transfer requests, and video control circuitry 


2.1.3. Bus Interface FIFO (BFIFO) 


a This section implements the Command FIFO from the host to the drawing engine. All access to 
the drawing registers passes through this 32-location FIFO, which holds the data as well as the 
address of the targeted register in the drawing engine. 
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2.1.4 Address Processing Unit (APU) 


This section of ATHENA generates the sequencing of the drawing operations. Each drawing operation is 
broken down into a sequence of read and write commands which are sent to the DPU. The APU includes: 


a Generation of the sequence for each drawing operation, and the addresses and mask 
a Processing of the slope for vectors and trapezoid edges 


Q Rectangle clipping 
2.1.5 Data Processing Unit (DPU) 


This section manipulates the data according to the currently-selected operation. It also converts read and 
write commands from the APU into memory cycles to the frame buffer. The DPU includes: 


Q Generation of memory cycles 

Q Host compress, decompress, and data formatting 

a The funnel shifter for data alignment 

a The Boolean ALU 

Q Anti-aliasing 

a The patterning and dithering circuitry 

Q The Data FIFO for BitBLIT operations 

Q The color expansion circuitry for character drawing 


a The depth comparitor 
2.1.6 Zi ALU 


This section implements the ALU for linear interpolation for Z and for Gouraud shading (R,G,B). 


2.2 Frame Buffer 


ATHENA can interface directly with the VRAM and DRAM. Memory combinations of 128Kx8 VRAM, 
256Kx8 VRAM, 256Kx16 VRAM, and 256Kx16 DRAM are supported in order to permit design of 
different display configurations. This allows ATHENA to support 8, 16, 24 and 32 bits/pixel formats and 
resolutions up to 1600x1200. 


VRAM is used for the frame buffer itself. Since VRAM has two ports, the serial port of the VRAM is 
used for the screen refresh while the random port is devoted to drawing operations. Useful VRAM 
functions such as split data transfer, block mode, and write/bit are all exploited. 
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Chapter 3: Operation Modes 


This chapter explains the VGA and Power Graphic operation modes of 
the Matrox MGA ATHENA chip. The Power Graphic mode description 
contains explanations of the memory configuration, frame buffer formats, 
drawing operations, initialization, configuration, and reset. 


3.1 VGA Mode 


ATHENA’s VGA contains all of the functions and support logic required to implement the IBM VGA, 
EGA, and CGA display adapter and MDA/ Hercules graphics card standards at a register-compatible 
level. 


Since ATHENA is register-compatible with VGA, EGA, CGA and MDA/Hercules adapters, all display 
modes for these adapters can be supported. As with most display adapters, a BIOS is required to 
configure ATHENA for each display mode. 


As well as the standard control registers required by the various display adapters, ATHENA uses 
auxiliary registers to enable enhanced modes and emulation functions. 


3.1 .1FlexFont 


In all alphanumeric modes, FlexFont is an available option. When enabled, it forces the character 
backgrounds to a single color and allows bits D4-D6 of the attribute byte to be used for character font 
selection. Up to eight character fonts can be displayed simultaneously. The character fonts are 
programmable and are stored in Dynamic Memory Plane 2. 


3.1.2 Enhanced Modes 


ATHENA enhances some display modes, and provides new high-resolution 256 and 16-color VGA 
modes. 


The ATHENA chip permits high resolution VGA display modes of 640x400, 640x480, 800x600, or 
1024x768 pixels with 256 simultaneous colors, both interlaced and non-interlaced. ATHENA also 
permits 16 color resolutions of up to 1024x768 interlaced and non-interlaced. Bits in the ATHENA 


auxiliary registers are used to enable these modes. Otherwise, the programming for these modes is 
similar to that for VGA modes 13h and 12h. 


VGA mode 13h can be enhanced to provide up to 16 pages at 320x200 resolution with 256 colors 
(standard VGA supports only one page). The CPU can access two pages simultaneously, and the others 
are selected for access using page select bits in ATHENA’s auxiliary ports. The CRTC start address 
register is used to select a page to display, or to scroll through all pages. 
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3.1.3 Display Adapter Support 
Four modes of ATHENA VGA operation and emulation are available: VGA, EGA, CGA, and 
MDA/Hercules. 


The VGA and EGA CRTC’s are fully implemented and are used to perform the operations of a 6845 
CRTC for the CGA and MDA/Hercules modes. 


The control registers of the CGA and MDA/Hercules adapters are fully supported in the ATHENA 
hardware. When a control register bit is changed, a trap interrupt (NMI) is generated. The interrupt 
handler then interprets the control register’s contents and sets up the VGA CRTC to perform the required 
operation. In addition, the chip can be configured to allow software emulation to override any or all of 
the hardware functions to permit support of special display modes. 


3.1.4 Differences Between ATHENA Ports and IBM VGA Display Adapter Ports 


There are differences between ATHENA’s VGA mode and the IBM display adapters that it emulattes. 
Some ports are changed from write-only to read/write to simplify emulation. Other ports have been 
deleted because they aren’t required. The list below describes the differences. 


3.1.4.1 Hercules Mode Port Differences 


The 6845 CRTC is replaced by the EGA or VGA CRTC. Hardware emulation of the 6845 requires 
software assistance and is enabled through the trap and emulation control registers. 


The mode control and configuration registers are now read/write. 
3.1.4.2 CGA Mode Port Differences 


The 6845 CRTC is replaced by the EGA or VGA CRTC. Hardware emulation of the 6845 requires 
software assistance and is enabled through the trap and emulation control registers. 


The mode control and color select ports are now read/write. 
3.1.4.3 EGA Mode Port Differences 


The CRTC registers are now read/write. Otherwise, the CRTC is identical to the IBM EGA CRTC when 
the EGA CRTC mode is selected. The VGA CRTC can be selected when ATHENA is in EGA mode. 


The attributes controller registers are now read/write. The address and data registers of the sequencer and 
graphics controller are also read/write. 


Graphics position registers A and B have been deleted and replaced by read-only ports for the feature 
control and miscellaneous registers. Graphics position A is fixed at 0 and B is fixed at 1, according to 
standard EGA programing practice. 

3.1.4.4 VGA Mode Port Differences 


In VGA mode, ATHENA is register compatible with the IBM VGA. The light pen set and clear ports 
remain accessible. The EGA CRTC can be selected when ATHENA is in VGA mode. 


Matrox Confidential MGA ATHENA Specification VGA Mode 3-3 


3.2 Power Graphic Mode 


Power Graphic mode employs hardware-coded graphical acceleration to improve the speed of GUI 
(Graphical User Interface) environments. 


3.2.1 Memory Configurations 


Several hardware memory configurations are supported in Power Graphic mode. These configurations 
can further be organized by the fom (frame buffer mode) field of the OPMODE register. The three basic 


configurations are: 

1. Support of up to 2 MB of VRAM and 2 MB of DRAM using 128Kx8 VRAM. This configuration 
supports 8, 16, and 32 bit/pixel displays. 

2. Support of up to 4 MB of VRAM and 2 MB of DRAM using 128Kx8 and 256Kx8 VRAM. This 
configuration supports 8, 16, and 32 bit/pixel displays. 

3. Support of up to 6 MB of VRAM and 4 MB of DRAM. This configuration supports 24 or 32 


bit/pixel displays. Use fom = 01XX, depending on the amount of available memory and whether the 
frame buffer is configured as 24 or 32 bits. 


@ :+ Note: In No DUBIC mode (see page 6-17), only Banks 0, 1,2, and 3 are supported. Therefore, only 
fom = 0, 1, 2, and 3 may be used. Note that fom = 8, 9, and 11 to 15 are undefined. 


In all cases, the resolution depends on the amount of available memory. Section 6.3, “VRAM Interface’ 
contains tables that show which fbms can be used with which hardware configurations. The following 
figures show the memory mapping of the hardware memory configurations. 


Memory Configuration Tables: 


Intensity: © ZDepth: Memory Bank: 
q) (1) (2) (3) 


““oooo0oh ssf tt~CS~S 
| VRAM 0 
OFFFFFh |. 


~"700000h Intensity: © ZDepth: Memory Bank: 
VRAM 1 (1) (1) (2) (3) 


PA) 192 a ooooooh [CS 
200000h 000000h 
1 
OFFFFFh 


DRAM 5 ~"yoo000n | 000000h 
VRAM 1 
.--AEREFFh | OFFFFFA 
sR oll: SEEERED 
Figure 3-1: fbm = 0 Figure 3-2: fbm = 1 
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Intensity: ZDepth: Memory Bank: 
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330000h «| tid] pang gg | enn nocncncenernnes 
sala VRAM 4 - 3 
pon lee DRAM 7 
sieeiieaeen Neer ere SFFFFF (5) 
400000h O0O0000R ff see ETS Se mernees esse 
600000h 000000h 
DRAM 5 
v 
5FFFFFh 1FFFFFh 7 
np erguraer =F Amy Wy ee 7-3 BREEE NG. | cc DEREN ED 
Figure 3-5: fbm = 4 Figure 3-6: fbm = 5 
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Intensity: ZDepth: Memory Bank: 


q1) (1) (2) (3) 
““o00000h | SCS 
VRAM 2 - 4 
; (5) 
Intensity: Z Depth: Memory Bank: 
a) (1) (2) (3) ienRaRR 
‘oo00008, «| ““zo0000h =| 
VRAM 2 - 3 
(5) 
VRAM 2 - 3 __SFFFFFh. | ___2.--------- 
(S) 400000h 
VRAM 4-3 
(5) 
Vv I 
_-- SFFFFFh 5FFFFFh 
400000h 000000h ~600000h | 000000h 
DRAM 5 
DRAM 5 
I 
SFFFFFh |  1FFFFFh z s 
SS aeOOOIk fe ee eg TEFFFFH | IFFFFFH 
800000 200000 
__.. > s7eret | _\S>27KFK1 | DRAM 8 
880000h 
DRAM 8 
DRAM 8 
7FFFFFh 
Figure 3-7: fbm = 6 Figure 3-8: fbm = 7 


Notes: (Figures 3-1 to 3-9): 


(1) All addresses are hexadecimal byte addresses. These addresses correspond to pixel addresses in 
8 bits/pixel mode. 


(2) Depth addresses indicate which memory is used as depth buffer space when 3D drawing is 
enabled. 


(3) ‘Memory Bank’ indicates the type of memory used, as well as which bank of memory is used in 
this space. Refer to Section 6.3 for details on the frame buffer modes. 


(4) This part of the frame buffer can’t be used for display. 
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Intensity: ZDepth: Memory Bank: 
mM a @ (3) 


VRAM 3 4) 


3FFFFFh 


SFFFFFh 


Figure 3-9: fbm = 10 


Notes (continued): 


(5) Depending on the number of chips/banks populated in this section, any data, or possibly only 
24-bit data may be stored in this section of memory. 


(6) Depending on the number of chips/banks populated in this section, and if bank 7 is populated, 
any data, or possibly only 24-bit data may be stored in this section of memory. 


(7) Also visible at 680000h— 6FFFFFh. 
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3.2.2 Pixel Format 


The pixel slice is 64 bits long and is organized as shown below. In all cases, the least significant bit is 0. 
The Alpha part of the color refers to a section of the pixel which is not used to drive the RAMDAC. In 
the following illustrations, ‘A’ refers to Buffer A and ‘B’ to Buffer B when a double buffer mode is 
selected. ANTI refers to anti-aliased pixels, and MONO is a monochrome pixel slice. 


63 60 56 52 48 44 40 36 32 28 24 20 16 12 8 4 0 


32 bpp PI PO 


16 bpp PIB 


Doub Buff POA 


16 bpp P3 P2 Pl PO 


8 bpp 
Doub Buff | ©9 P3A P2B P2A PI3 PIA POB POA 


& bpp P7 P6 P5 P4 P3 P2 Pl PO 


4 bpp 
Doub Buff 


ANTI 


MONO P63 PO 


Figure 3-10: Pixel Slice 


In all cases the data is true color; however in 8 bits/pixel and 4 bits/pixel formats, pseudo color can be 
used when shading and anti-aliasing are not used. 


The figure on the next page shows how the data is organized for each pixel (for all supported pixel 
depths). 
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31 24 16 8 0 


32 bpp ALPHA RED GREEN BLUE 
7 07 07 O07 0 
ALPHA RED GREEN BLUE 
f | 
31 24 16 8 0 
16 bpp B A B A A B A 
Doub Buff a 
3 03 03 03 03 03 03 03 0 
15 10 5 0 
= 
16 bpp a RED GREEN BLUE 
0 4 04 04 0 
7 5 2 0 
8 bpp ae | GREEN |BLUE 
2 0 2 01 0 
3 2 1 0 
01 0 0 


Figure 3-11: Pixel Data 


When performing direct frame buffer access, 32-bit access depends on the format of the memory at this 
location. Data is organized as follows for the various pixel sizes: 


318 24 20 16 12 8 4 0 


32 bpp PO 


16 bpp PI PO 


16 bpp POB 
Doub Buff 


8 bpp — 
Doub Buff PIB PIA POB POA 


8 bpp P3 P2 PI PO 


4 bpp 
Doub Buff | P3B | P3A | P2B | P2A PIB |PIA |POB | POA 


ANTI P7 P6 PS P4 P3 P2 Pl PO 


MONO P31 PO 


Figure 3-12: 32-bit Access 


Matrox Confidential MGA ATHENA Specification Power Graphic Mode 3-9 


In addition to the direct frame buffer access format, the following formats are supported for ILOAD and 
IDUMP operations in 1, 24, and 32-bit/pixel modes. These formats are selected by the RGB (hbgr) and 
compress (hcprs) fields of the Drawing Control (DWGCTL) register: 


First Word 


Second Word 


Second Word 


First Word 


Second Word 


Third Word 
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32 


24 


16 


0 


As direct frame buffer access 


31 0 
24 31 | 16 23 | 8 15 |0 
ALPHA BLUE GREEN RED 
RED1 BLUEO GREENO REDO 
GREEN2 RED2 BLUEI GREEN1 
BLUE3 GREEN3 RED3 BLUE3 
ALPHA BLUE GREEN RED 
BLUEI1 REDO GREENO BLUEO 
GREEN2 BLUE2 REDI GREEN1 
RED3 GREEN3 BLUE3 RED2 


bltmod hbgr _ heprs 


BFCOL 0 0 
BMONO 0 0 
BMONO 1 0 
BUCOL 1 0 
BUCOL 1 1 
BUCOL 0 0 
BUCOL 0 1 


Figure 3-13: ILOAD/AIDUMP Formats / 1, 24, 32 bpp 
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3.2.3. Overview of Drawing Operations 


The following three groups of drawing operations are supported by ATHENA: 


» LINE: Used for vectors. These operations can be auto-initialized. In this case, the Brezenham 
parameters are automatically computed by ATHENA. Brezenham parameters can also be provided 
directly by the host processor. 


» TRAP: Used for rectangle fills (1 operand BITBLTs) and 3D tile drawing. 
» BITBLT: Used for copy and other operations (2 operand BITBLTs with or without expansion). 


All of these drawing operations support several attributes in order to perform different type of actions. 
The attributes include: line style, patterning, block mode, raster, antialiasing, Gouraud shading, depth 
buffer, and others. 


The following table summarizes how the drawing engine registers must be initialized for these basic 
operations: 


REGISTERS 
drO dri | dr2 dr3 (Z) 
dr4 dr5 dr6 | dr7 (Red) 
dr8 qd r \9 dr10 dril(Gr.) 
opcode event | ar0 arl ar2. | ar3 \ar4 | ar5S | ar6 dr12 dr13 drl14 drl5 (Blue) length |SGN 
AUTO INIT Kend Yend Xstar| Ystar | start ZdM ZdD 
LINE | END 2b| err 2b-2a Xend Yend X x ZdM_ZdD 0 signs 
L I NE INIT 2 b 2b-a-Sdy 2b-2a start ZdM ZdD a signs 
DRAW | END 2b/_serr 2b-2a xX x ZdM ZdD , || 0 signs 
TR AJP INIT dY1 eol -IdX1I eof -ldXrl dYr start zdx ZdY lines | signs 
END dY1 errl | -ldXJI errr | -ldXrl|_dYr x x ZdX_ ZdY 0 signs 
BITBLTIT INIT sea ssa sca syinc lines | signs 
END | X xX x syinc 0 signs 
dX = Xend - Xstart eor = dX; >= 0? - dX; : dXr+ dYr-1 
dY = Yend - Ystart eol = dX) >= 0 ? - dX) :dX1 + dY] -1 
a = max(Idx\l,Idyl) Where x} = left edge; xr = right edge 
b = min( Idxl,ldyl) 
ZdM = Increment along major axis sea = source and address 
ZdD = Increment along diagonal axis ssa = source start address 
ZdX = Increment along X axis sca = source current address 


ZdY = Increment along Y axis 


Table 3-1: Initialization of Drawing Registers 


Every time a drawing engine operation is started, the following steps must be taken: 


1. Since all drawing registers are accessed through the FIFO, check that there is enough room in the 
FIFO. 


2. Initialize all the drawing registers, preferably starting with the ‘K’ flag registers (see Note (2) 
following Table 4-5), since some degree of parallelism can be achieved doing this. 


3, Start the drawing engine when you write the last register by offsetting the register by 100h. 
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3.2.4 DMA and Pseudo DMA 


ATHENA supports two operating modes in which both the address and data are sent via the data bus: 
DMA A DMA channel on the host system is used to sequence operations. 


Pseudo DMA The host processor must sequence all access through the DMAWIN memory 
space (see Chapter 4). 


In both cases, the address of the modified register is generated internally by the ATHENA chip. 
Additional operation modes are available for both DMA and Pseudo DMA: 


DMA Pseudo DMA 
IDMA General Purpose Write _ | DMA General Purpose Write 
DMA Vector Write DMA Vector Write 
DMA BLIT Write DMA BLIT Write 
DMA BLIT Read 


DMA General Purpose Write 


The first double word (dw) transferred is loaded into the Address Generator. This dw contains the 
addresses of the next four drawing registers to be written, and the next four dw transfers contain the data 
to be written to those four registers. 


When each dw of data is transferred, the Address Generator will send the appropriate 7-bit address to the 
Bus FIFO. When the fourth (final) address has been used, the next double word transfer reloads the 
Address Generator. 

A direct access to a drawing register during a Pseudo DMA General Purpose write resets the Address 


Generator state machine to the ‘LD ADR_GEN’ state. The following Pseudo DMA write transfer must 
contain the addresses of the data for the next four drawing registers. The cycle is illustrated below. 


3130 24 23 22 16 15 14 8 7 6 0 


| add3/x add2|x| add] |X| addo | 
- 0 LDADR_GEN — | 
38 3231 
3x 3231 
2 FIFO DATA add] datal 
38 3231 
4 FIFO DATA 


Figure 3-14: DMA General Purpose Write Sequence 
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3130 24 23 22 1615 14 8 7 6 0 


0} X add3/X| add2)xX add1l |X| add0o 


1 data0O 
2 data! 
3 data2 
4 data3 


5 x| add3 x| add2|X add1l |X| addOo 


6 data0 
7 datal 
8 data2 


Figure 3-15: DMA Gen. Purpose Transfer Buffer Structure 


DMA Vector Write 


The first double word transferred is loaded into the Address Generator. This dw contains one bit of 
‘address select’ for each of the next 32 vector vertices to be sent to the drawing registers. These 32 bits 
are called the vector tags. The next 32 double word transfers contain the XY address data to be written to 
the drawing registers. 


When the tag bit is set to zero (0), the address generator will force the address to that of the XYStart 
register without setting the bit to start the drawing engine. When the tag bit is set to one (1), the address 
generator will force the address to that of the XYEnd register with the flag set to start the drawing engine. 


When each dw of data is transferred, the Address Generator checks the associated tag bit and sends the 
appropriate 7-bit address to the Bus FIFO. When the 32nd (final) tag has been used, the next double word 
transfer reloads the Address Generator with the next 32 vector tags. 


A direct access to a drawing register during a Pseudo DMA VECTOR resets the Address Generator state 
machine to the ‘LD ADR_GEN’ state. The following Pseudo DMA write transfer must contain the vector 
tags for the next XY coordinate data. 


The cycle is illustrated below. 
When Vn = 0, addn = XY_START address (10h) 
When Vn = 1, addn = XY_END address + START DWG ENG (5 lh) 
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31 


[ 0 LD ADR_GEN |V3] 


1 FIFODATA 


n FIFO DATA 


35 


36 
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31 


Figure 3-16: DMA Vector Sequence 


V31 | 


vO 
YO XO 
Yi Xl 
Y2 x2 
31 16 15 0 
Yn Xn 
Y30 x30 
Y31 x31 
jv31 | vo 
YO XO 
Yl Xl 
Y2 x2 


Figure 3-17;DMA Vector Transfer Buffer Structure 
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a \ 


DMA BLIT Write 


The DMA BLIT write is hard coded, so there’s no reason to load the Address Generator. The result is that 
every transfer consists of data only. 


When each dw of data is transferred, the Address Generator sends the srcregblit register address to the 
Bus FIFO. The address generator state machine is not used for this type of DMA. 


All pixels expected by the drawing engine must be transferred, otherwise it could jam. The total number 
of dword transfers needed to complete the BLIT operation depends on, among other factors: 


. The size of the window to be drawn (upper left comer coordinate, length in X and Y) 
. The number of bits per pixel (8, 16, or 32) 


The cycle is illustrated below. No address is required for data transfer during DMA blits, so ‘add’ is 
‘don’t care’. 


Fe FIFO DATA 


38 32 31 0 


add data 


Figure 3-18: DMA BLIT Write Sequence 


0 data0O 
l data 1 
2 data2 
3 data3 
4 data4 
5 data5 
6 data6 
7 data7 


Figure 3-19: DMA BLIT Write Transfer Buffer Structure 
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DMA BLIT Read 


As specified earlier, the DMA BLIT Read mode is available for Pseudo DMA only, and is used to dump 
pixels from a window of the screen to system memory. Each double word that’s transferred may contain 
4,2, or | pixel(s), depending on the configuration (8, 16, or 32 bits per pixel, respectively). 
The coordinate of the upper left comer and the length in X and Y are a few of the parameters that are 
required by the graphic engine for this operation. 
A Important Note: 
It is extremely important that the number of dwords dumped accounts for all of the pixels that are to be 
transferred. The last dword for each scan line of pixels may contain insignificant information in the case 
of 8 or 16 bit/pixel modes if the number of transferred pixels is not evenly divisible by 4 (for 8 bpp 
modes) or by 2 (for 16 bpp modes). 
@ Z.+ If the window to be drawn is not aligned at the beginning of a slice, the insignificant pixels to the 
left of the window are effectively disregarded, and the slice alignment begins at the start of the 
window. 


The following illustration shows the case of an 8 bits/pixel mode transfer that is 42 pixels wide: 


f : 
Slice 0 I Slice 1... Slice 10 
Boundary 


P37 | P38 | P39 | P40 | P41 


P37 | P38 | P39 | P40 | IP4I 


These insignificant pixels must 
still be sent as part of the slice. 


3.2.4.1 DMA 


“ The ATHENA chip’s DMA capabilities can only be used with the AT (ISA) interface. 


ATHENA supports only DMA I/O write transfers. The goal is use the host’s DMA controller to transfer a 
block from the system memory into ATHENA’s Bus FIFO (only the Bus FIFO is accessed during DMA 
write). This provides a means to write to drawing registers for specific drawing operations. 


Only 16-bit DMA transfers are supported. The total number of transfers must be an integral number of 
double words, to align with ATHENA’s internal 32-bit data bus. The words are accumulated before 
sending double words to the Bus FIFO. The memory block to be transferred must be aligned on a double 


word boundary. 
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Timing Type _ 


a Oe 
ae 

e EISA 

ing 32 


Table 3-2: DMA Access Types 


To initiate a DMA transfer, take the following steps: 
1. Ensure that ‘dmaact’ and ‘pseudodma’ (OPMODE register bits 1 and 0) are not active (active if ‘ 1”). 


2. Program the dmamod bits (OPMODE register bits 2 and 3) to one of three modes listed below 
(keep dmaact and pseudodma at ‘0’): 


a DMA General Purpose Write 
a DMA BLIT Write 
a DMA Vector Write 
The function of the dmamod bits is explained later on. 
3. Program the host DMA controller. 
4. Start the DMA transfer by setting dmaact to * 1’ (keep pseudodma at ‘0’). 


Once dmaact is set, ATHENA will request DMA service by asserting DRQ. The requests will continue 
until the terminal count is reached. If the Bus FIFO becomes full during the DMA transfer, the request 
will stop automatically and resume when there is space available in the Bus FIFO. 


When the DMA transfer is in progress, any access to the following devices is forbidden: 
» The drawing registers (offset 1COOh - 1DFFh) 
. VRAMWIN (offset O0OOh -1BFFh, vgaen = ‘0’ and pseudodma = ‘0’ - see Chapter 4) 
. DMAWIN (offset O00Oh - 1 BFFh, vgaen = ‘0’ and pseudodma = ‘ 1’) 

Access to other MGA resources 1s still possible, however. 


Dmaact will be automatically reset after the last transfer, when the DMA terminal count (TC) is sampled 
active. 


DRQ is normally n-i-state. When dmaact is active, DRQ is driven to the appropriate state. This allows for 
resource sharing in a system with multiple MGAs. Only one MGA can have dmaact active at any time. 
When dmaact becomes inactive due to TC, ATHENA will have been driving DRQ low, then it will 
tri-state the signal. 


It’s possible to generate an interrupt when a DMA terminal count occurs. For more information, refer to 
Section 3.2.6. 
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3.2.4.2 Pseudo DMA 


The goal of Pseudo DMA is the same as that of DMA, with the only difference being that read transfers 
are possible. Instead of using the DMA controller, Pseudo DMA transfers are ‘move string’ instructions 
in the DMAWIN memory space (offset 0000h -1BFFh, vgaen = ‘0’ and pseudodma = ‘1’). 


Only double word accesses (read or write) are allowed in the DMAWIN memory space. When 
performing Pseudo DMA transfers, all of the MGA map is available, except the VRAMWIN memory 
space, which is disabled. 


Write Transfers 


To transfer a block of data from the system memory to the Bus FIFO of the ATHENA chip, the steps 
listed below must be followed: 


1. Make sure that ‘dmaact’ and ‘pseudodma’ are not active. 
2. Program the dmamod bits to one of the three modes listed below (keep dmaact and pseudodma at 
‘0’): 
Q DMA General Purpose Write 
Q DMA BLIT Write 
Q DMA Vector Write 


a) If DMA BLIT Write is used, program all affected drawing registers. Note that all writes to the 
drawing registers must be double word accesses. 


b) If DMA BLIT Write is used, send the ILOAD opcode to the drawing engine. 
3. Set ‘pseudodma’ to ‘ 1’ (keep dmaact at ‘0’). 


4, Transfer system memory data to the MGA DMAWIN memory space, with ‘move string’ or ‘read and 
write’ instructions. 


5. Reset ‘pseudodma’ to ‘0’ at the end of the block transfer. 


As long as the Bus FIFO isn’t full, and if the nowait bit of the OPMODE register is set to ‘1’, then no 
wait will be generated for write cycles to the DMAWIN memory space. When the Bus FIFO is full, there 
is one more dword location, which is the Byte Accumulator of the host section. Once the Byte 
Accumulator and the Bus FIFO are full, the next write to the DMAWIN space will be put in waiting as 
long as the Byte Accumulator data isn’t loaded in the Bus FIFO. 


If the CHRDY ready signal is kept inactive for more than 64 gclks, the STATUS register bferrsts bit will 
be set. This will cause an interrupt if the proper interrupt enable is set. If CHRDY is still inactive after 
128 gclks, the host section will abort the write cycle by reasserting CHRDY and by resetting the Byte 
Accumulator full flag. 


For DMA BLIT Write operations, the drawing engine will fetch data until all pixels have been loaded, 
once the ILOAD opcode is sent, and if the Bus FIFO isn’t empty. 
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Read Transfers 


To dump screen data to the system memory, take these steps: 


1. 
2. 
35 


a 


Make sure that “dmaact’ and ‘pseudodma’ are not active. 
Program the dmamod bits to DMA BLIT Read (keep dmaact and pseudodma at ‘0’). 


Program all affected drawing registers. Note that all writes to the drawing registers must be double 
word accesses. 


Set ‘pseudodma’ to ‘1’ (keep dmaact at ‘0’). 
Send the IDUMP opcode to the drawing engine. 


Transfer data from the DMAWIN memory space to the system memory, with ‘move string’ or ‘read 
and write’ instructions. 


Reset ‘pseudodma’ to ‘0’ at the end of the dump. 


Once the IDUMP opcode is sent to the drawing engine, it begins fetching pixels from the VRAMs. 
During a read in the DMAWIN memory space, CHRDY will be deactivated (ISA bus system), or a retry 
will be generated (PCI system) if the data from the drawing engine isn’t ready. When the data is 
available, it will be latched in the host section of ATHENA, and the access is completed. A new request 
will be sent to the drawing engine for the next dword when the last byte, the last word, or the current 
dword is being read, depending on whether ATHENA is 8, 16, or 32-bit. The latched dword will be 
present until all bytes are read. 


If the access takes more than 64 gclks, the bferrsts bit will be set in the STATUS register. This may cause 
an interrupt if the proper interrupt enable is set. If an access takes more than 128 gclks, the host section 
will abort the read cycle by reasserting CHRDY. 
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3.2.5 Programming the CRTC for Power Graphic Mode 


This section explains the video parameters required for the Power Graphic display modes. 


3.2.5.1 Registers 


In Power Graphic mode (for all resolutions and pixel depths), the video parameters that are programmed 
in the registers are always based on a video clock that is divided by 8. 


“* Note: When you change any video parameters, it is important to halt the video operation circuitry of 
the VRAM chips to prevent the VRAMs from entering an unrecoverable state. The “Screen Off bit 
in the Clocking Mode sequencer register (Address 1FC5, Index 01, Bit 5) will force the screen to 
blank and halt the VRAM circuitry mentioned above. This bit must be maintained to ‘off’ for at 
least 10 ts after the last video parameter modification. 


The CRTC-CTRL register is used as specified. Table 3-3 shows the registers that are implicated in 
programming the video for the Power Graphic modes. 


3.2.5.2 Interlace Modes 


In Power Graphic mode, the hardware can only be properly programmed in interlace modes at specific 
memory pitches (768, 1024, and 1280). For other pitches, the hardware must be programmed in such a 
way that the display area is less than the memory pitch. 


It is not possible to have a horizontal resolution greater than 1280 pixels in interlace mode. 


3.2.5.3 Hardware Panning 


Panning is achieved by programming a start address that is equivalent to the desired region. The start 
address is programmed in two VGA CRTC registers and one auxiliary register. Panning must be done on 
a multiple of 16 pixels. 


3.2.5.4 Hardware Zooming 


Zooming by Ix, 2x, and 4x is supported. 


Zooming in the X direction is performed by the clock generator. For the CRTC, this is seen simply as a 
division of the video clock. However, the CRTC registers that control the horizontal signals must be 
reprogrammed properly (relative to the divided clock) to deliver the same frequency to the monitor. 


It’s important to note that if you wish to maintain a constant image between each zoom switch, the 
horizontal parameters must be exact multiples. For this reason, multiples of 32 must be used for each 


parameter (front porch, sync, etc.), even if you zoom by Ix. 


To zoom in the Y direction, you must reprogram the Maximum Scan Line register in the CRTC. This will 
affect the way that the CRTC address counter generates line addresses. 


The dt request module must also operate in non-automatic line wrap mode (refer to Bit 2 of the 
CRTC_CTRL Power Graphic mode register description on page 5-61) when not zooming by Ix. 
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3.2.5.5 Programming Constraints 


In order to have a correct image on the screen, you must respect different constraints when calculating 
the video parameters. The videodelay field of the CRTC_CTRL register can be programmed for 3, 4, 5, 
11, 24, or 28 vidclks. The video parameters must be calculated so that at least one of the six possible 
values of videodelay meets the three constraints. Unexpected video results could occur otherwise. 


Section Index Name D7 D6 DS D4 D3 D2 DI DO 
CRTC 00 Horizontal Total S S S S S 8 S S 
01 Horizontal Display Enable End S S S S S S S S 
02 Horizontal Blanking Start S S S S S S S S 
03 Horizontal Blanking End 0 0 0 S S S S 8 
04 Horizontal Retrace Start S S S S S S S S 
05 Horizontal Retrace End S 0 0 S S S S S 
06 Vertical Total S S S S S S S S 
07 Overflow S S S | S S S S 
08 Preset Row Scan 0 0 0 0 0 0 0 0 
09 Maximum Scan Line 0 | S Z Z Z Z Z 
OA Cursor Start 0 0 | xX x xX x xX 
OB Cursor End 0 x xX xX x xX xX x 
OC Start Address High S S S S S S 8 S 
OD Start Address Low S S S S S S S S 
OE Cursor Position High xX xX x x x x xX x 
OF Cursor Position Low x x x Xx x x x x 
10 Vertical Retrace Start S S S S S S S S 
11. -Vertical Retrace End S x N S S S S S 
12. Vertical Display Enable End 8 8 S S S S S S 
13. Offset S S S S S S S S 
14. Underline Location 0 0 0 x xX x xX xX 
15. Vertical Blanking Start S S S S S S S S 
16 ~~ Vertical Blanking End S S S S S S S S 
17 Mode Control S x x 0 0 S x x 
18 Line Compare | 4 4 | | | | 
AUX 00 Mode Control Register Xx Xx Xx 0 0 0 0 0 
02 Emulation Control Register 0 x x x x x x 
OA CRTC Extended Address Register S x x 1 x x S S 
OD _Interlace Support Register x s x x x x x x 
QE Vertical Sync Adjust Register S S S S S S S S 
SEQ___| 01 Clocking Mode 4 x Ss Xx x Xx x x 
Miscellaneous Output Register S S x 0 S S x N) 


The bit must always be programmed to 0 
The bit must always be programmed to 1 


Legend: 0 
| 
X The bit can be programmed to either 0 or 1 
S 
ve 


The bit works as specified 
The bit is used by the zoom in the Y direction 


Table 3-3: Power Graphic Mode Video Registers 
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The following formula explains how to calculate the three constraints. The drawing engine response 
(in video clocks) is: 


int(925ns*video frequency +0.9) 
8 


dw_eng_res = 


Constraint #1: Videodelay >= Horizontal FrontPorch+2-3 
Constraint #2: Videodelay >= dw_eng_res+ |-1 %% 


Constraint #3: Videodelay =< Horizontal blank+ 1—dw_eng_res—3 


3.2.5.6 Frame Buffer Alignment 

When ‘No DUBIC’ mode is selected, the frame buffer display must be arranged in such a way that bank 
switching appends during the blank (between two lines). 

For example: 


Assume that we want to display 1280x1024x8 using two 1MB banks. The bank transition occurs 
after 1M pixels: 


1048576 / 1280 = 819.2 


pixels pixels/line lines 


Round this up to 8 19 lines, and up-front padding will have to be added in order to ensure that the 
bank transition takes place between two lines: 


1048576 —- ( 1280 * 819) = 256 


pixels pixels/line lines pixels 


This means that the frame buffer will have to be started at address 256 (rather than at address 0). 
This produces the following results: 
. The CRTC start address must be 256, rather than 0. 


» The drawing operation must be moved by 256 pixels. This can be done automatically 
by the drawing engine for the destination address by initializing YDSTORG to 256. 
Note that this will affect the value loaded in CYBOT and CYTOP. For source addresses 
this adjustment will have to be done manually. 


» Off-screen memory is reduced by 256 bytes. 
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With DUBIC No DUBIC 


000000h 
Unused 
000100h 


140000h 


140100h 


Offscreen 
Offscreen 


200000h 


Figure 3-20: Memory Org. (1280x1024x8 - two 1M Banks) 


3.2.5.7 Overscan 


The hardware can support the overscan feature, but using it will reduce the length of the blank period. 
This reduced blank will have a direct impact on your ability to meet the constraints of the video delay. It 
might be possible to lose the zoom feature at low resolutions, or even the integrity of the display itself if 
the overscan is large. 


3.2.6 Interrupts 


ATHENA supports interrupts for both ISA and PCI configurations. 


= In the ISA configuration, ATHENA can generate two types of interrrupts: edge interrupts, and level 
interrupts. The choice of interrupts is system-dependent, and is programmed by the CONFIG 
register’s levelirq bit. In the Power Graphic modes, several interrupt sources exist: 
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Interrupt Description 


Bus FIFO Error Interrupt This interrupt is generated when a cycle is aborted. 
It is useful during software debugging and testing. 

DMA TC Interrupt This interrupt is generated when a terminal count 
occurred at the end of a DMA transfer. 

Picking Interrupt This interrupt is generated when a pixel is written 
by the drawing engine. 

Vertical Sync Interrupt This interrupt is generated at every vertical sync. 
Note: 


The vertical sync interrupt behaves differently than 
the others, because two other bits must be set for it 
to be enabled. Bit 7 of the AUX_DATA register, 
and Bit 5 of the Vertical Retrace End register 
(1FB5/1FDS, Index 11) must be set before the 
vertical sync interrupt can be enabled. 

Note: 

This interrupt must be cleared by accessing Bit 4 of 
the Vertical Retrace End register (1FB5/1FD5, 
Index 11). 


Table 3-4: Interrupt Sources 


. In the PCI configuration, ATHENA uses only one interrupt line (INTA), and is a single function 
device. In order to integrate the DUBIC interrupts, the other external interrupts, and the current 
TITAN interrupt, a new register has been added. 


In the PCI configuration, the interrupts must be programmed as level interrupts (levelirq) in the 
CONFIG register. 


Three registers are used for interrupt control: 


STATUS This register indicates the status of each of the interrupt sources. 
IEN This register is used to individually enable each of the four interrupt sources. 
ICLEAR » This register is used to individually reset each of the four interrupt sources. Note that 


there is no bit in this register to clear the vertical sync interrupt, which is cleared by 
accessing Bit 4 of the Vertical Retrace End register (1FB5/1FDS5, Index 11). 


3.3 Access Restrictions to Some Resources 


Consideration must be given to several resource access restrictions (which vary depending on how the 
ATHENA chip is used in a system). Refer to the information on bus sizing in Sections 6.2.1.3 and 6.2.2.1. 
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3.4 Initialization and Configuration 
3.4.1 Configuration Elements 
Note: In the lists which follow, H indicates that a field is hard-reset. All others are soft-reset. When 


MGA is powered up, ATHENA’s DSTx registers are loaded with the following configuration elements: 
pcbrev<3:0> rambank<8:0> ramspeed< | :0> expdev 
product<3:0> vgabank0 hyperpg< 1 :0> tram 

As well, ATHENA’s host interface section receives these configuration elements: 


H config< 1 :0> H vgaen H above 1 meg H poseidon HT vbank0 


H driverdy H biosen (indirectly, H mapsel<2:0> H isa 
according to vgaen) 


The following configuration elements are not programmed at power up: 


ATHENA drawing engine: 
mctlwtst (RO) 


ATHENA host interface: 

ien<3:0> H mouseen hyperpgcl 0>" interlaced :0> H_ vesafeat 
H_ levelirq H mousemap tram* videodelay<1 :0> 

expdev* rfhent<3:0> crtcbpp<1 :0> H hrsten 

H nowait fbm<2:0> alw H_ vrsten 


* Value available in DSTO 


3.4.2 Booting in VGA Mode 


The following configuration elements from the ATHENA host interface affect the VGA, and are not 
programmed at power up. All the other elements are VGA-standard, and are taken care of by the BIOS. 


H levelirg H_ vesafeat H hrsten H_ vrsten 
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3.4.3 Booting in Power Graphic Mode 


The following operations take place during the Power Graphic mode boot procedure: 
1. Ina PCI system, the PCI configuration space is initialized by the system boot prodecure. 
The card is detected 


Configuration straps/switches are read 


aS ed 


Depending on the configuration information and the selected hardware mode, the following 
non-initialized configuration elements must be programmed at power up with respect to: 


a ATHENA host interface 

Q ATHENA drawing engine 

Q Video interface (DUBIC if present) 
Q RAMDAC 

a CLOCK GEN 

Q VGA-CRTC 


3.5 Mode Switching 
3.5.1 Switching From VGA Mode to Power Graphic Mode 


If the system has no DUBIC, disregard any step that mentions the DUBIC chip. 
1. Make a call to the BIOS to select VGA Mode 3. 
2. Disable VGA Mode. 
- Once the VGA has been disabled, reset the vgaen bits in ATHENA’s CONFIG register. 
3. Disable interrupts from DUBIC. 


“+ Note: If you’ll be returning to Power Graphic mode later, make a note of the current value of 
DUBIC’s DUB-SEL register. 


- Set DUBIC’s DUB-SEL register to 40h. 
4, Stop the enhanced mode sequencer. 

- Set the softreset bit in ATHENA’s RESET register, then wait 1.5 psec. 
5. Set DUBIC to Power Graphic mode. 

- Reset the blankdel and vga_en bits in DUBIC’s DUB-CTL register. 
6. Restart the Power Graphic sequencer. 

- Reset the softreset bit in ATHENA’s RESET register, then wait 1.5 Usec. 
7. Restore the value of the DUB-SEL register of the DUBIC. 


8. Restart Initialization of Power Graphic mode. 
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3.52 Switching From Power Graphic Mode to VGA Mode 


If the system has no DUBIC, disregard any step that mentions the DUBIC chip. 
1. Disable the interrupts from DUBIC. 


Note : If you'll be returning to Power Graphic mode later, make a note of the current value of 
DUBIC’s DUB-SEL register. 


- Set DUBIC’s DUB-SEL register to 40h. 
2. Stop the Power Graphic sequencer. 

- Set the softreset bit in ATHENA’s RESET register, then wait 1.5 [sec. 
3. Place DUBIC in VGA mode. 


- Set the srate bit in DUBIC’s DUB-CTL register. If the bus mouse is enabled, set SRATE = 18. If 
the laser printer port is enabled, set SRATE = 2 


- Set the blankdel and vga_en bits of DUBIC’s DUB-CTL register. 
4, Restart the Power Graphic mode sequencer. 
- Reset the softreset bit in ATHENA’s RESET register, then wait 1.5 psec. 
5. Place the RAMDAC in VGA mode. Program the appropriate registers as shown below: 
For the BT485 RAMDAC: 
Command register 0 = 0000 0000 b 
Command register 1 = 0000 0000 b 
Command register 2 = 0000 0000 b 
Command register 3 = 0000 0000 b 
For the BT482 RAMDAC: 
Command register A = 0000 0000 b 
Command register B = 0001 1110 b 
Command register C = 0000 0000 b 
6. Program the Lookup Table (LUT) for VGA 
7. Activate VGA Mode 
- Set the vgaen and biosen bits of ATHENA’s CONFIG register. 
8. Restore the value of DUBIC’s DUB-SEL register. 
9. Make a call to the BIOS to select a VGA mode (for example: Mode 3 for text). 
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3.6 Power up and Reset 


It’s possible to reset ATHENA with a hard or soft reset. Both methods are explained in the following 
subsections. 


3.6.1 Hard Reset 
A hard reset results when a low pulse is applied to the reset pin of the ATHENA chip. The minimum 
pulse width required is 8 ps. 
On a hard reset, the following resources are reset: 
. VGA section 
» Drawing engine 
= Bus FIFO 
. Host section 
» All registers 
As well, external configurations are loaded into registers, as appropriate. 
Three rules must be followed for proper chip reset: 
1. In the PCI configuration, no host access must occur within the first two PCLKs of a hard reset. 
2. LDCLK, GCLK, and PCLK must be active during reset. 
3, You must ensure that a PLL or clock oscillator oscillates within specificiations when the power-up 
reset ends. 
3.6.2 Soft Reset 
A soft reset results when bit 0 of the RESET register is set to ‘1’, then reset to ‘0’. On a soft reset, 
external strapping is not loaded. 


The soft reset also initializes the Bus FIFO and all of the drawing engine. The values of the drawing 
registers are lost. 


On the host section, some register bits are hard reset only. See Chapter 5 for more details. On the control 


section of the host, only three state machines are affected by the soft reset: 
» IDUMP state machine 
. DMA state machine 
» ADRGEN state machine 
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3.6.3 Configuring ATHENA in a Board-level Design 


The ATHENA requires that configuration information be placed on the VD<63:0> bus during reset. The 
configuration information defines the available resources as well as the mode in which ATHENA will 
operate. More specifically, the following types of information are contained in the configuration bits: 


» Hardware resources (memory banks, memory speed, etc.) 
» Product ID and revision 
» Host Interface information (Address mapping, 8/16-bit, etc.) 
» Information used internally to control the operation of the ATHENA 
There are two types of configuration bits: 
» Soft configuration bits are read and used by software 
» Hard configuration bits are loaded directly into internal registers 
Upon reset, the contents of VD<3 1 :0> are sent to DSTO<3 1 :0>; VD<63:32> is sent to DST 1 <3 1 :0>. 


@ :+ Note that the destination registers must be read before any direct access to the frame buffer, or 
drawing engine operation is performed, in order to obtain valid data. 


Configuration bus VD<63:0> 


A summary of the configuration bus follows, along with a table which defines each of the configuration 
bits. 
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Figure 3-21: Configuration Bus 


Legend: 


0,1 Hard bits which must be set to the indicated value upon reset. 

H Hard bits which are loaded directly into internal registers upon reset. 

1 Soft bits which software must read from the bus, invert, and then load into the appropriate internal 
register. * 

I Hard bits which are automatically inverted and then loaded into an internal register upon reset. * 

R Reserved bits: 

s Soft bits which software must read from the bus. These bits are not stored internally. 

S Soft bits which software must read from the bus and then load into the appropriate internal register. 


Hard bits (H, I) which are loaded into other registers should be read from those destination registers, not 
from DSTO/DST 1. 


* Since the bit is inverted, a pull-up will initialize it to 0, and a pull-down will initialize it to 1. 
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VD Bus Hard/Soft 

Bit Definition Configuration Where Used 

4:0 Internal Hard (H) | Internally (See Figure 3-21 for values) 
5 vgaen0 Hard (H) | Host (CONFIG<10:9>), VGA 

15:6 Internal Hard (H) Internally (See Figure 3-21 for values) 
18:16 PCB Revision Soft (s) Read from board 

19 block8/ Soft (i) Host (OPMODE<27>) 

23:20 Product ID Soft (s) Read from board 

24 vgabank0 Hard (H) | Host (OPMODE<11>) 

32:25 rambank Soft (s) Read from board 

34:33 ramspeed Soft (s) Read from board 

35 rambank Soft (s) Read from board 

36 HiRes/ Soft (s) Read from board 

37 vgaen | Hard (H) | Host (CONFIG<10:9>) 

38 testwren Hard qd) Host (TEST<9>) 

47:39 Internal Hard (H) | Internally (See Figure 3-21 for values) 
48 200MHz Soft (i) Host (CONFIG<2>) 

49 nodubic<1> Soft (i) Host (CONFIG<5>) 

50 nodubic<0> Hard dd) Host (CONFIG<4>) 

52:5 1 hyperpg Soft (S) | Host (OPMODE<25:24>) 

53 expdev Soft (S) | Host (CONFIG<16>) 

54 tram Soft (S) | Host (OPMODE<26>) 

63:55 Internal (Host): 

55 isa Hard (H) Host (CONFIG<28>) 

56 pei Hard (D Host (CONFIG<27>) 

57 above 1 meg Hard (1) Host (CONFIG<12>) 

58 driverdy Hard (1) Host (CONFIG<8>) 

61:59 mapsel Hard (H) Host (CONFIG<26:24>) 

63:62 config Hard (H) Host (CONFIG<1:0>) 


Table 3-5: Strapping Definition: ATHENA-based Design 


Note: To ensure compatibility with future software, bits VD<49:48> and VD<39> should be 


enabled high (‘1’) during reset. 
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3.6.3.1 


Special Considerations for PCI 


Since the coarse decoding is done by the PCI interface module, the host-module decoding section of 
ATHENA is not used. This means that ATHENA will always be configured the same way: 


Register Bits 


config<0> 62 
mapsel<2> 


mapsel<1> 
mapsel<0> 


driverdy 
abovel meg 


isa 55 No PD 
vgabankO 24 No PD 
vgaen0 5 No PD 


3.6.4 Reset Field Definitions 


The reset fields listed in the Table 3-5 are explained in detail below: 


Internal 


vgaen<1:0> 


Internal 
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These bits are read from VD<4:0> on reset. These lines must present the value 19h during 
reset. 


DST<5>,CONFIG<10> VGA enable. Refer to the CONFIG register description in 
Chapter 5 for more details. 


VGAENO and VGAENI are used to enable/disable the VGA. Only one bit is used at a 
time (the other one is tied to GND). The following table shows how the internal bits are 
initialized at reset: 


. When VGAENO is used, the 46E8 feature is enabled when the VGA is turned on. 


» When VGAEN|I is used, the 46E8 feature is not enabled with the VGA. VGAENI 
should be used with the PC] interface, since PCI incorporates auto-configuration which 
may cause problems with the fixed decoding of the 46E8 feature. 


VGAEN1 VGAENO en46E8 CONFIG<10,9> 
0 0 0 0 0 
0 1 | | l 
l 0 0 l 1 


This field is read from VD<37,5>. 


This field is read from WD<15:6> on reset. These lines must present the value 027h 
during reset. 
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PCB 
Revision 


block8/ 
<19> 


Product ID 


vgabank0 


DSTO<18:16> Indicates the revision of the PCB. Refer to the DST1-0 register 
description in Chapter 5 for more details. 


PCB Revision Level 


These bits are read from VD<19:16> on reset. 


OPMODE<27>. Indicates VRAM support for 8-bit block mode transfers. 


Refer to the OPMODE register description in Chapter 5 for more details. 


DSTO0<23:20> Indicates the Product ID/Platform. Refer to the DST1-0 register 
description in Chapter 5 for more details. 


| Product ID Product Platform 
Ilxx ISA Bus 
101x VL Bus 
100x MCA Bus 
0110 PCI Bus 
0111 Reserved (do not use) 
0101 To be defined (future platforms) 
0000 


These bits are read from VD<23:20> on reset. 


OPMODE<11> VGA Bank 0. Refer to the OPMODE register description in Chapter 5 
for more details. 


This bit is read from VD<24> on reset, and stored here. 
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rambank 
<8:0> 


ramspeed 
<1:0> 


HiRes/ 


testwren 


Reserved 


Internal 


200MHz 


DST1<0>, DST0<31:25> DST1<3> indicates the presence (when ‘1’) of Banks 1-8. 
Refer to the DST1-0 register description in Chapter 5 for more details. 


Value Bank |Description 
XXXXxXKXX1 | 0 8x 128K x8 VRAM 
XXXXXXX1X | | 8x 128K x8 VRAM 
XXXXXX1xx 2 |6o0r8x256K x8 VRAM 
XXxXxXxX1xxx 3. |60r8 x 256K x 8 VRAM 
XXXXIxxxx 4 |6x 256K x 8 VRAM 
XXX1XXXXX 5 |4x 256K x 16 DRAM - Reserved 
XXIXXXXXX 6 _|Reserved 
xIXXXXXXxX 7 2x 128K x 8 DRAM - Patch DRAM 
Doocxxxxxx | 8 [4.x 64K or 256K X_16DRAM 


These bits are read from VD<32:25>, VD<35> on reset. 


DST 1<2:1> Indicates the speed of the on-board memory. Refer to the DST 1-O register 
description in Chapter 5 for more details. These bits are read from WD<34:33> on reset. 
Note: All memory must be the same speed. 


Memory Speed 


11h -80 (80 nanosecond access time) 
Others Reserved 


DST1<4> Indicates that the board is capable of displaying at a resolution of 
1600 x 1200. Refer to the DST 1-0 register description in Chapter 5 for more details. 


Value Meaning 


0 Board supports 1600 x 1200 
| Board does not support 1600 x 1200 


This bit is read from VD<36> on reset 


DST 1 <6> Must be pulled up. See the TEST register description on page 5-50 for more 
details. This bit is read from VD<38> on reset. 


These bits, which are read from VD<39> on reset, should be pulled high during reset. 


These lines are read from WD<47:40> on reset. They must present the data DFh during 
reset. 


This bit indicates the presence of a 200 MHz RAMDAC. Refer to the CONFIG register 
description in Chapter 5 for more details. 
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nodubic CONFIG<5:4>. These bits indicate the configuration of the VRAM serial port. Refer to 
<1:0> the CONFIG register description for more details. 


hyperpg OPMODE<25:24> Support for Hyper Page mode. Refer to the OPMODE register 
description in Chapter 5 for more details. 


These bits are read from WD<52:51> during reset. Software must read these bits from 
DST 1<20:19> and load them here. 


expdev CONFIG<16> Expansion device. Refer to the CONFIG register description in Chapter 5 
for more details. 


Read from VD<53> during reset. Software must read this bit from DST1<21> and load it 
here. 


tram OPMODE<26> Type of VRAM. Refer to the OPMODE register description in Chapter 
5 for more details. 


Read from VD<54> during reset. Software must read this bit from DST1<22> and load it 
here. 


isa CONFIG<28> ISA bus identification. Refer to the CONFIG register description in 
Chapter 5 for more details. 


Sampled from VD<55> on reset, this bit assumes the external strapping configuration 
value. 


pei CONFIG<27> In conjunction with the isa bit, determines the type of host interface. 
Refer to the CONFIG register description in Chapter 5 for more details. The value 
sampled from VD<56> on reset is inverted and stored in this bit. 


abovelmeg CONFIG<12> Mapped above | MB. Refer to the CONFIG register description in 
Chapter 5 for more details. The value sampled from VD<57> on reset is inverted and 
stored in this bit. 


driverdy CONFIG<8> Drive channel ready. Refer to the CONFIG register description in Chapter 
5 for more details. The value sampled from VD<58> on reset is inverted and stored here. 


mapsel CONFIG<26:24> Select base address of MGA board in system. Refer to the CONFIG 
<2:0> register description in Chapter 5 for more details. The value is sampled from VD<61:59> 
on reset and loaded here. 


config CONFIG<1:0> Configuration bits. Refer to the CONFIG register description in Chapter 
5 for more details. This value is sampled from VD<63:62> on reset and loaded here. 
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Chapter 4: Memory Mapping 


This chapter summarizes the memory map for the ATHENA in both the 
ISA and PCI configurations, and provides an overview of the I/O space 
mapping for the VGA I/O and mouse port registers. 


4.1ISA and PCI Configurations 


The ATHENA chip supports two bus configurations: PCI (Peripheral Component Interconnect) and ISA 
(Industry Standard Architecture, often called ‘AT-bus’). The major differences between these 
configurations are that the ATHENA memory mapping is different for PCI, and the PCI configuration 
includes space that is reserved for system configuration (the ISA configuration has no ‘configuration 
space’). 


4.1.1 Configuration Space Mapping 


The configuration space is supported only for PCI devices. When modes other than PCI are selected, this 
space (and its registers) are invisible and unused. The entire configuration space is decoded by ATHENA. 


Offset (1) Name Access Reset Value 
00 DEVID R 0000 1101 0001 0000 0001 0000 0010 1011ib 
04 DEVCTRL R/W 0000 0100 0000 0000 0000 0000 1000 OO000b 
08 CLASS R 0000 0011 sd000 0000 0000 0000 0000 O000b 
oc HEADER R 0000 0000 0000 0000 0000 0000 0000 OO000b 
10 TERMBASE R/W 0000 0000 0000 0000 0000 0000 0000 O00Ob 
30 ROMBASE R/W 0000 0000 0000 0000 0000 0000 0000 OO00b 
c3 INTCTRL R/W 0000 0000 0000 0000 0000 0001 1111 1111b 
40 OPTION R/W. 0000 0000 0000 0000 0000 0000 0000 OO0O0b 


Table 4-1: ATHENA Configuration Space Mapping 


4.2 Memory Space Mapping 
4.2.1 ISA Interface 


All extensions to Power Graphic mode are mapped in the memory space, as well as in the VGA frame 
buffer and in the VGA BIOS. 


Address Device Decoded Condition (1) 
0A0000h-OBFFFFh VGA frame buffer If vgaen is active. 
0C0000h-OC7FFFh VGA BIOS ROM If biosen is active. 
OACO000h-0A FFFFh MGA Power Graphic Mode |If MAPSEL1 is selected and the VGA is either 

disabled or VMAPSEL = 1 (2) 
0C8000h-OCBFFFh . If MAPSEL2 is selected. 
OCCO000h-OCFFFFh i If MAPSEL3 is selected. 
0D0000h-OD3FFFh ae If MAPSEL4 is selected. 
0D4000h-OD7FFFh mn If MAPSELS is selected. 
0D8000h-ODBFFFh If MAPSELE is selected. 
ODC000h-ODFFFFh = If MAPSEL7 is selected. 


Table 4-2: ATHENA ISA Interface Memory Mapping 


(1) Refer to the CONFIG register description in Chapter 5 for information on the control bits 
used to select the map options. 


(2) VMAPSEL is located at I/O address 3CF, Index 6, Bit 3. 
Refer to Table 4-4 for the Power Graphic Mode memory mapping for both the ISA and PCI interfaces. 
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4.2.2 PCI Interface 


The memory mapping for PCI mode is shown below: 


Address Offset Range Device Decoded Condition 
(OOOA0000h-OOOBFFFFh VGA Frame Buffer If vgaen and memspace are active 
nnnn0000h-nnnn7FFFh 
or VGA BIOS ROM (1) If biosen and memspace are active 


nnnn8000h-nnnnFFFFh 
mmmm0000h-mmmm3FFFh 
or 
mmmm4000h-mmmm7FFFh 
or MGA Power Graphic Mode (2) | If memspace is active 
mmmm8000h-mmmmBFFFh 
or 


mmmmC000h-mmmmFFFFh 


Table 4-3: ATHENA PCI Interface Memory Mapping 


(1) The exact location in the memory space depends on the ROMBASE register. Because 
ATHENA is decoded as a VGA device, the ROM should be mapped at 000CO000h by the 
system BIOS as specified in the PCT Bus Specification. 


(2) The exact location in the memory space depends on the TERMBASE register. 


4.2.3. Power Graphic Mode Mapping (ISA and PCI) 


Address Offset Range | Condition R/W | Mnemonic Device Decoded 
0000h- | BFFh VgaEn/ & PseudoDma/ R/W |VRAMWIN _ |7K VRAM window 
0O0O0Oh- | BFFh VgaEn/ & PseudoDma W |DMAWIN 7K Pseudo-DMA window (1) 
O000h- | BFFh VgaEn/ & PseudoDma R_ |IDUMP 7K Pseudo-DMA window (1) 
1 COOh- 1 FFFh R/W |INTREG ATHENA internal registers (2) 
2000h-3BFFh VgaEn/ & PseudoDma/ R/W Reserved 7K VRAM window (redundant) 
Reserved 
3C00h-3C7Fh R/W {RAMDAC _ {RAMDAC (3) 
3C80h-3CFFh R/W |DUBIC DUBIC (3) 
3D00h-3D7Fh R/W | VIWIC VIWIC (3) 
3D80h-3DFFh ExpDev/ W_ |CLKGEN EXPSL/ (3) 
3D80h-3DFFh ExpDev R/W |CLKGEN EXPSL/ (3) 
3E00h-3FFFh _ | ExpDev R/W_|EXPDEV EXPSU (3) 


Table 4-4: ATHENA Power Graphic Mode Memory Mapping 


(1) Refer to Section 3.2.4.2, ‘Pseudo DMA’, for more information. 


(2) Refer to the following tables for definitions and specific addresses of the ATHENA internal 
registers. 


(3) In the external device range, all devices are double-word aligned and only accessible on 
byte 0. Only byte 0 accesses are allowed. Word and double-word accesses will cause 
unpredictable results. 
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Offset (1) Name Category (2) | Access ResetValue 
1C00 DWGCTL F W 0000 O000h 
1004 MACCESS F W 0000 O000h 
1C08 MCTLWTST F W FFFF FFFFh 
1C10 DSTI-0 D R Loaded from vd<63:0> 
1018 ZMSK F WwW XXXX XXXXh 
1C1C PLNWT F W XXXX XXXXh 
1020 BCOL F W XXXX XXXXh 
1C24 FCOL F WwW XXXX XXXXh 
1C30 SRCO-3 FD W XXXX XXXXh 
1C40 XYSTRT FKD WwW XXXXXXXXh 
1044 XYEND FKD WwW XXXX XXXXh 
1C50 SHIFT FKD WwW XXXX XXXXh 
1C58 SGN FKD WwW XXXXXXXXh 
1C5C LEN FKD W XXXX XXXXh 
1C60 ARO FKD W XXXX XXXXh 
1C64 ARI FKD WwW XXXX XXXXh 
1C68 AR2 FKD W XXXX XXXXh 
1C6C AR3 FKD WwW XXXX XXXXh 
1070 AR4 FKD WwW XXXX XXXXh 
1 c74 ARS FKD W XXXX XXXXh 
1C78 AR6 FKD W XXXX XXXXh 
1C8C PITCH FK WwW XXXX XXXXh 
1090 YDST FKD WwW (7) 

1094 YDSTORG FK W XXXX XXXXh 
1C98 YTOP FK WwW XXXX XXXXh 
1C9C YBOT FK WwW XXXX XXXXh 
ICAO CXLEFT FK W XXXX XXXXh 
1 CA4 CXRIGHT FK W xxxx XXXXh 
1CA8 FXLEFT FKD W xxxx XXXXh 
1 CAC FXRIGHT FKD WwW XXXX XXXXh 
1CBO XDST FKD W XXXX XXXXh 
1CCO DRO FD WwW XXXX XXXXh 
1CC4 DRI FD W XXXX XXXXh 
1CC8 DR2 F W XXXX XXXXh 
1CCC DR3 F W XXXX XXXXh 
1CDO DR4 FD W XXXX XXXXh 
1CD4 DR5 FD WwW XXXX XXXXh 
1CD8 DR6 F W XXXX XXXXh 
1 CDC DR7 F W XXXX XXXXh 
1 CEO DR8 FD W XXXX XXXXh 
1 CE4 DR9 FD W XXXX XXXXh 
1CE8 DRI10 F W XXXX XXXXh 
1 CEC DRI1 F W XXXX XXXXh 
1 CFO DR12 FD WwW XXXX XXXXh 
1 CF4 DR13 FD W XXXX XXXXh 
1 CF8 DR14 F W XXXX XXXXh 
1 CFC DR15 F W XXXX XXXXh 
1D00-1DFC [Same register mapping as OOO-OFC range (3) 
(continued on the next page) 
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Offset (1 Name Category (2) | Access Reset Value 
1E00 VRAMPAGE _ R/W XXXxX XXXXh 
1E08 |BYTACCDATA R XXXX XXXXh 
1 EOC ADRGEN _ R xxxx XXXXh 
1E10 |FIFOSTATUS R 21XX 0220h 
1E14.~—«|STATUS R 0000 000Xh 
1E18  |ICLEAR 7 W 0000 oOOOh 
1EIC—_‘|IEN R/W 0000 0000h 
1E28 —_‘ | INTSTS (10) R/W 
1E40 ~—«[RST R/W 0000 ©000h 
1EA4 TEST R/W (7) 
1F48 REV R A268 1702h 
1E50 CONFIG R/W (7) 
1E54 |OPMODE = R/W (7) 
1E5C__|CRTC_.CTRL a R/W 0000 QOOOh 
Hercules CGA EGA VGA 
1FBO (8) Vv R/W V 
1FB1 (9) V R/W V V 
1FB2 —_‘|(8) V R/W J J 
IFB3 (9) Vv R/W y v 
1FB4 /|CRTC-ADDR (5) V R/W J VJ V 
1FB5 |CRTC-DATA (5) V R/W V VJ V 
IFB6 —‘|(8) V R/W 4 
1FB7 (9) V R/wW V V 
1FB8 §/HER-MODE V R/W af 
1FB9  |HER_LP_SET V R/W J 
IFBA | MISC_ISTAT1(5) V R V > a 
FEAT_CTL V W A J 
1FBB /HER_LP_CLR V R/W J 
1FBF__|HER-CONF Vv R/W V 
1FCO ‘| AT-I-R-ADDR (4) V R/W V V 
IFC! (Am-DATA V R V V 
1FC2 |MISC_ISTATO V R V V 
MISC-OUT V WwW V V 
1 FC3 MISC-ISTATO V R/W J 
MISC-OUT V W ) 
1FC4 |SEQ_ADDR V R/W V J 
IFC5 SEQ_DATA V R/W V V 
1FC7 |DAC_STATUS V R a} 
1FCA | FEAT_CTL V R V V 
1FCC |MISC-OUT V R V 
1FCE |GCTL_ADDR V R/W V V 
1FCF | |GCTL_DATA V R/W J J 
1FDO ‘|(8) V R/W V V 
IFD1 (9) V R/W V V 
IFD2 —_‘|(8) V R/W J J 
1FD3 (9) V R/W V V 
1FD4 — |CRTC-ADDR (5) V R/W V V V 
1FD5 =‘ |CRTC-DATA (5) V R/W V V V 
1FD6 _((8) V R/W V V 


(continued on the next page) 
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Offset (1) Name Category (2) | Access | Hercules | CGA EGA VGA 

1FD7 (9) Vv R/W V V 

1FD8 CGA-MODE Vv R/W y 

1FD9 CGA_COL_SL Vv R/W V 

IFDA MISC_ISTAT1 (5) Vv R V V V 
FEAT-CTL Vv Ww V V 

1 FDB CGA_LP_CLR Vv R/W V V V 

1FDC  |CGA_LP_SET V R/W J J 4 

1FDE AUX_ADDR Vv R/W V V V V 

1FDF — |AUX_DATA V R/W ) 4 J J 

Table 4-5: ATHENA Register Mapping 


Notes: 


Any location within the 1COOh-1FFFh offset range that is not identified in Table 4-5 should be 
considered as reserved. 


(1) The address offsets provided are relative to the MGA Power Graphic mode base memory address, as 
shown in Table 4-2. 


(2) The Category refers to the special characteristics of each register. The following categories are defined: 


D This register is a drawing engine dynamic register. This means that the contents of the 
register may be modified by a drawing cycle. You must wait until the drawing engine is 
idle before you can read dynamic registers. 


F The data for this register is passed through the Command FIFO. The Command FIFO 
contents are sent to the drawing engine only when it is ready to use them. This is the 
method used to synchronize the software with the drawing engine (no access to drawing 
engine registers should be attempted when the FIFO is full). This means that it is 
guaranteed that a register will be written only when the FIFO is empty. A register should 
only be read when the FIFO is empty, in order to be sure that the contents of that register 
are stable. 


K These registers can be initialized when the memory sequencer is not idle. It is then 
preferable to initialize them first (when required) in order to achieve higher performance. 


V These BYTE registers are in the VGA module. They are accessed in the same way as the 
VGA I/O port, except that they are memory mapped. 


(3) When a register is accessed in this range, this indicates to the drawing engine to start a drawing cycle. 


(4) A read from port 1FBA/IFDAh resets this port to the Attributes Address register. The first read or 
write to this register after a 1FBA/1IFDAh reset accesses the attributes index, and the next read or 
write accesses the palette. Subsequent reads or writes to this register toggle between index and palette. 


(5) DO=0 of the MISC-OUT register sets the CRTC registers to 1FBXh and the input status 1 to IFBA. 
D0=1 of the MISC-OUT register sets the CRTC registers to 1FDXh and the input status 1 to 1 FDAh. 


(Notes continue on the next page) 
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(6) See the VGA_SUBSYS register description for more information. 


(7) Reset Values. The following table lists register reset values that were too wide for the previous table: 


Byte Offset (1) Reset Value 
1090 YDST XXXX XXXO XXXX XXXX XXXK XXXX XXXX XXXX b 
1E44 TEST 0000 0000 0000 0000 0000 OOHO 0000 
1E50 CONFIG OOOH HHHH 0000 0000 OOOH OHHH 0000 
1E54 OPMODE 0000 0000 0000 0000 0000 HOOO 0000 0000 b 
Legend 
X = Undefined 


H = Sampled on hard reset 
(8) Alternate addresses of 1FB4h/1FD4h. 
(9) Alternate addresses of 1FB5/1FDS5h. 


(10) This register only exists in the PCI configuration. 
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4.3 /O Mapping 


Two different devices are mapped in the I/O space: the VGA I/O registers, and the mouse port. The I/O 
mapping remains the same for the ISA and PCI configurations. 


Port 


ame 


Decoded as: 


Access 


Hercule 


CGA | EGA |VGA 


238h 


23Bh 
23Ch 


3BOh 
3Blh 
3B2h 
3B3h 
3B4h 


3B5h 
3B6h 


3B7h 
3B8h 


3B9h 
3BAh 


3BBh 
3BFh 


(3) 

(4) 

(3) 

(4) 

CRTC_ADDR (2) 
CRTC_DATA (2) 
3) 

(4) 

HER-MODE 
HER_LP_SET 
MISC_ISTAT1 (2) 
FEAT-CTL 
HER_LP_CLR 


HER-CONEF 


Mouse data register (6) 
23Ah Mouse control register (6) 
Mouse configuration register (no write effect) (6) W 
Mouse data register (6) 
23Eh Mouse control register (6) 


23Fh_|Mouse configuration register (no write effect) (6) W. 


——— <_< ete eeieiete eset 


<~4e2 eee iei eis 


3COh 
3C Lh 
3C2h 


3C3h 


3C4h 
3C5h 


3C7Th 


3C8h 
3C9h 


3CAh 
3CB h 
3CCh 


3CDh 


3CFh 


ATTR_ADDR (1) 
Am-DATA 
MISCISTATO 
MISC-OUT 
MISCISTATO 
MISC-OUT 
SEQ_ADDR 
SEQ_DATA 


3C6h Pixel Mask Register (7) 
Pixel Read Address Register (7) 


DAC_STATUS 


FEAT-CTL 
Reserved 
MISC-OUT 


Reserved 


3CEh GCTL_ ADDR 


GCTL_DATA 


Palette Write Address Register (7) 
16/8-bit Color Palette Data (7) 


a Sa aa 


A A MO MO al 


ee ee ae ae A a 


a 
as ee ae ae 


(continued on the next page) 
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Decoded as: 

Port Name Access| Hercules CGA|EGA|VGA 
3DOh (3) R/W V V 
3D1h|(4) R/W V | 
3D2h |(3) R/W y V 
3D3h (4) R/W V | 
3D4h |CRTC_ADDR (2) R/W V V V 
3D5h |CRTC_DATA (2) R/W V V y 
3D6h |(3) R/W V v 
3D7h |(4) R/W V V 
3D8h |CGA-MODE R/W 1 
3D9h |CGA_COL_SL R/W V 
3DAh |MISC_ISTATI (2) R V V V 

FEAT_CTL Ww J V 
3DBh |CGA_LP_CLR R/W V V V 
3DCh |CGA_LP_SET R/W V V V 
3DDh Reserved R/W 
3DEh |AUX_ADDR R/W Vv V V V 
3DFh_|AUX_DATA R/W Vv V v v 
3B0 

EXPSL/ (8) R/W ‘l A Fi \ 
3DF 
46E8h_ |Video Subsystem Access/Setup Enable (5) WwW V V Vv V 
102h_ |Video Subsystem Enable (5) W V V V V 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Table 4-6: I/O Mapping 


A read from Port 3BA/3DAh resets this port to the attributes address register. The first read/write 
to this register after a 3BA/3DAh reset accesses the attributes index, and the next read/write 
accesses the palette. Subsequent reads or writes to this register toggle between index and palette. 


DO=0 of the miscellaneous output register sets: CRTC registers to 3BXh; input status 1 to 3BA. 
DO=1 of the miscellaneous output register sets: CRTC registers to 3DXh; input status 1 to 3DA. 


Alternate addresses of 3B4/3D4h. 
Alternate addresses of 3B5/3D5h. 


In the PCI configuration, these locations are only decoded for write operations. Snooping is 
always enabled. In the ISA configuration, these locations are decoded only when the “VGAENO’ 
bit is sampled active on reset, otherwise, they are not decoded. 


For more details refer to the OPMODE register description for bits 8 and 9 contained in 
Chapter 5. Refer to the MGA DUBIC Specification for more information about these registers. 


In the PCI configuration, snooping is enabled on these locations if “vgasnoop’ is active. 
Otherwise, normal access is performed. 


In the PCI configuration, external expansion space is never enabled during an I/O cycle. 


«> Note that the 3B0-3BB, 3BF-3CS, and 3CA-3DF ranges are always decoded when VGA is 
enabled, even when there is no register located at a specific address. The 3BC-3BE range is never 
decoded. 
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Chapter 5: Register Descriptions 


This chapter contains a description of each of the Power Graphic and 
VGA mode registers of the ATHENA chip, listed in address order for each 


mode. 


Note that Tables 4-5 and 4-6 list all of the registers in address order. In 
addition, lists of all registers (and the Power Graphic mode register fields) 
are presented in alphabetical order at the back of this manual. 


5.1 Register Descriptions 


5.1.1 Power Graphics Mode Registers 


SAMPLE_PG Sample Power Graphic Mode Register Description 
Memory Address <address> Attributes W-F Reset Value <value> 
NI 
; 3S 
Reserved field3 & field 


si 30 29 28 27 26 25 p4|23,22 24 2p 49 Je fri6 45 Ja 03 22|11 10 9]8 7 45.45 210 


field1 FIELD1 . Detailed description of the <field1> field, which comprises bits 
<22:0> 22 to 0. 

field2 FIELD2. Detailed description of the <field2> field, which is bit 23. 
<23> 

field3 FIELD3. Detailed description of the <field3> field, which comprises bits 
<26: 24> 26 to 24. 

Reserved Reserved: Writing has no effect. 

<31:27> 


Power Graphic Mode register descriptions contain a (double-underlined) header which indicates the 
register’s mnemonic abbreviation and its full name. Below the header, the memory address (1C00 for 
example), attributes, and reset value for the register are provided. Next, an illustration of the register 
identifies the locations of all the bits, which are then described in detail below the illustration. 


Memory Address 
The addresses of all the Power Graphic mode registers are provided in Chapter 4. 
Attributes 
The Power Graphic mode attributes are: 
R: Read Only 
W: Write Only 
R/W: Read and Write 


D: Dynamic. The contents of the register may be modified by a drawing cycle. Before such registers 
can be read, the drawing engine must be idle. 


F: FIFO. Data for this type of register is passed through the Command FIFO. The contents of the 
Command FIFO are used by the drawing engine only when the drawing engine is ready to access 
them. This is the method used to synchronize the software with the drawing engine (no access to the 
drawing engine registers should be attempted when the FIFO is full). This also means that a 
register is guaranteed to be written only when the FIFO is empty. The drawing engine registers 
should only be read when the FIFO is empty to make sure that the contents of the register are stable. 


K: These registers can be initialized when the memory sequencer isn’t idle, so it’s preferable to 
initialize them first (when required) to achieve higher performance. 
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Reset Value 


The reset values for the Power Graphic mode registers can be expressed as hexadecimal or binary values. 
Most bits are reset on both soft and hard reset. Some bits are reset on hard reset only (those bits are 
underlined when they appear in the register description header next to Reset Value). 


= 0OOX 0000h (h = Hexadecimal) 
#0000 0000 0X00 OOHO 0000 0000 0000 0000b_ (b = Binary) 


Legend: 
X= Undefined 
H = Sampled on hard reset 


5.1.2 VGA Mode Registers 


Sample VGA Mode Register Description SAMPLE_VGA 
Memory Address <addr> VO Address <addr> Index <index> 


= _ (an) 
Reserved aa OD3D2 oO A 
I i Pend Ate ee I I 


7 6 5 4 3 2 1 0 


DO A detailed description of the function of data bit 0. 
Di A detailed description of the function of data bit 1. 
D3-D2 A detailed description of the function of the data field which contains bits 2 and 3, etc. 


ATHENA VGA Mode register descriptions contain a (single-underlined) header which indicates the 
register’s name and type (such as CRT Controller or Sequencer, etc.). Below the header, the memory 
address (1 COO for example), I/O address, and the offset index for the register are indicated. Next, an 
illustration of the register identifies the locations of all the bits, which are then described in detail below 
the illustration. 


Memory Address 


This address is an offset from the Power Graphic mode base memory address. The memory addresses can 
be read, write, color, or monochrome, as indicated. Note that some of the VGA mode registers have no 
memory address and some have no index. 


VO Address 
These addresses are I/O ports. The I/O addresses can be read, write, color, or monochrome, as indicated. 
Index 


This is the indexed address of the specific register. 
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5.2 Power Graphic Mode Register Descriptions 


DEVID Device ID 
Configuration 
Space Address 00 Attributes R 


Reset Value 0000 1101 0001 000000010000 0010 1011b 


device vendor 
i 
31 30 29 J28 )27 26 \25 j24 723 J22 (21 \20 19 JLB 417 \l6 J15 (24 f3 J12 7 al j10 79 78 | 7 }6 yh 4 |3 72 yd fo 
device DEVICE identifiers. The data is the 5-bit ASCII code for the first three characters of the 
<31:16> string: “ATHENA”. 
vendor The Matrox VENDOR identifier for PCI: 0x102B. 
<15:0> 
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Configuration 
Space Address 04 Attributes R/W 


Reset Val ue0000 0100 0000 0000 0000 0000 1000 0000b 


roe 8 

E S88 8 So 

5 See Ff FO 

rf) LOH o £8 

> i Caes| n a 

@ wo wo o fob) Own 

Reserved o Reserved Saxe > a €E9S 
ro eo foe mec ie | 


foe) 
~ 
<a 
ul 
B 
Ww 
AD. 
- 
[-) 


31/30 29 28 27 26 25 24 (23/22) 21 20 19 18 17 16 15 14/13/12 11 10 9 


Reserved Reserved: This field is always read as 0. 
<31:27> 


devseltim R DEViceSELect TIMing. Specifies the timing of devsel. It is read as 01. 
<26:25> 


Reserved Reserved: This field is always read as 0. 
<24:8> 


waitcycle R WAIT CYCLE: Specifies that ATHENA will perform continuous address/data stepping. 
<7> This bit is always read as 1. 


Reserved Reserved: This field is always read as 0. 

<6> 

vgasnoop VGA SNOOPing. Controls how ATHENA will handle access to the PCI system palette 
R/W register (as described in Section 3.10 of the PCI Local Bus Specification, Revision 2.0). 
<5> 


. 0: Respond to a palette access. 


» 1: Enable special snooping behavior. 


Reserved Reserved: This field is always read as 0. 
<4:2> 


memspace Device response to MEMory SPACE access. This bit controls all memory spaces 
R/W cl> (EPROM, VGA frame buffer, and Power Graphic mode memory space). 


» 0: Disable the device response 


» 1: Enable the device response 


iospace Device response to I/O SPACE access. This bit controls all I/O space (VGA I/O, and 
R/W<0> Mouse port). 


» 0: Disable the device response 


» 1: Enable the device response 
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CLASS Class Code 


Configuration 
Space Address 08 Attributes R 


Reset Value 0000 0011 S000 0000 0000 0000 0000 OOOOb 


class revision 


class<31:9> Device CLASS. Identifies the generic function of the device and a specific register-level 
programming interface according to the PCI specification. Two values can be read in this 
field according to the value of the CONFIG register’s vgaen field in the host interface: 


vgaen Value Meaning 


0 038000h | Other display controller 
| 030000h_ [Super VGA-compatible controller 


revision REVISION. Contains the current board revision. This value is always read as 0. 
<8:0> 


HEADER Header 


Configuration 
Space Address OC Attributes R 


Reset Value 0000 0000 0000 0000 0000 0000 0000 OOOOb 


Reserved header | Reserved 


31/30 (29 28427 (26 25 (24) 23) 22)22/20 419 18 fL7 16 | 15M4 13 p12); 0), 9 | ep 7b Paap 2 tl] o 


Reserved Reserved: This field is always read as OOh. 


<31:24> 
header HEADER layout. Specifies the layout of bytes 10h through 3Fh in the configuration 
<23: 16> space. Also specifies that the current device is a single function device. This field is 


always read as OOh. 


Reserved Reserved: This field is always read as 0000h. 
<15:0> 
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Terminator Base Address TERMBASE 


Configuration 
Space Address 10 Attributes R/w 


Reset Value 0000 0000 0000 0000 0000 0000 0000 OOOOb 


termbase Reserved 


3130 29 | 28 [27 [26 j25 f24 f23 22 21 (20 J19 JLB j27 16 fL5 fd y3 J12 jd 1079 78 7 fb Ph Ps [3 ryt fo 


termbase TERMinator (Power Graphic) BASE Address. Specifies the base address of the Power 
<31:14> Graphic mode memory space. Mapping in this 16KB space is decoded by ATHENA 
itself. Refer to Chapter 4 for more information. 


Reserved Reserved: This field is always read as 0. 
<13:0> 
ROM Base Address ROMBASE 


Configuration 
Space Address 30 Attributes R/W 


Reset Value 0000 0000 0000 0000 0000 0000 0000 00006 


Cc 
@o 
5 
rombase Reserved = 
| 1 | 
31/30| 29 26 27 26 25 24 (23/22) 21 20 18 YB 4716 15 14 23 j12)11) 10 9/8 7 6 5\4 BQ 1/0 
rombase EPROM BASE address. Specifies the base address of the EPROM. This field’s attribute 
<31:15> changes, depending on the value of the CONFIG register’s biosen field: 


biosen |ROMBASE Attribute 


Reserved Reserved: This field is always read as 0000h. 
<14:1> 


romen<0> =ROM ENable. Enable the ROM. This field’s attribute changes, depending on the value of 
the CONFIG register’s biosen field: 


biosen [ROMEN Attribute 


0 RO. Read as 0 
1 |R/W 
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INTCTRL Interrupt Control 


Configuration 
Space Address 3C Attributes R/W 


Reset Value000000000000000000000001 1111 IIIIb 


Reserved intpin intline 
| lI SST 


a fo 28 nfs fo aha al hs 18 hi ' y 13 raf 1) sr 6 [5 3 2) 1/0 


Reserved Reserved: This field is always read as 0000h. 
<31:16> 


intpin R Selected INTerrupt PINs. This field is always read as lh, since INTA is used as the 
<15:8> interrupt pin. 


intline R/W  INTerrupt LINE routing. This R/W field is used to communicate interrupt line routing 

<7:0> information. It is initialized at power-up to identify for the device drivers which device 
interrrupt pin has been connected to which system interrupt controller pin. The value FFh 
is defined as ‘unknown’ or ‘no connection’ to the interrupt controller. 
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Option 


OPTION 
Configuration 
Space Address 40 Attributes R/W 
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b 
©) 
@ 
@ 
Reserved ao 
I 


31/30 : 28 2 26 25 be 23 | 22 24 20 19 18 17 16 |15)14 


14 9 e765 4 


2 1 


o 


Reserved Reserved: This field is always read as 0000h. 


<31:2> 


speed<1:0> SPEED. This field is used to select the sequence access on the TAD bus, depending on 
the current PCI bus speed. This field only affects the O000-1FAF and 1FEO-3FFF ranges 


in the 16K window. 


speed peiclk cmd: time ‘cmd: time cycle: time 
MHz #clk):(n #clk):(m: k):(n 
00 33 3.5: 105 2.5 :75 6:_ 180 
01 33 3.0: 90 2.0: 60 5: 150 
01 25 3.0: 120 2.0 : 80 5: 200 
10 25 25: 100 1.5: 60 4: 160 
ll Reserved 
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DWGCTL 


Memory Address 1C00 


Attributes W-F 


Drawing 


control register 


Reset Value 0000 0000 h 


opcod 
<3:0> 


atype 
<5:4> 


— Reserved 
— transc 

— pattern 
— abac 

— afor 

— 2lte 


— zdrwen 
— alphadit 
S 
Fa 


bop 


Reserved 


blockm 


atype opcod 
re | 


Ww 
| Oo | 
N 
in Co 
N 
+—_66—_| 


a 
|r 


N 


LS 
| KN) | 
[-) 
| ay 
ul 
— 
RS 
ma 
WwW 
N 
N 


a 24 19 18 17 16 15 ushs 12 1 i 9 


8765/48 21/0 


heprs — | 
hbgr — 


bitmod—| | 


Operation CODe: The opcod field defines the operation selected by the drawing engine, 
and also affects the operation of the VRAM interface section. 


opcod 
Function Subfunction Value Mnemonic 
Line 0000 LINE-OPEN 
AUTO 0001 AUTOLINE-OPEN 
WRITE LAST 0010 LINE-CLOSE 
AUTO, WRITE LAST 0011 AUTOLINE CLOSE 
Trapeziod 0100 TRAP 
Bitblit VRAM -> VRAM 1000 BITBLT 
HOST -> VRAM 1001 ILOAD 
VRAM -> HOST 1010 IDUMP 


All other opcodes are reserved and should not be used. 


Access TYPE: The atype field is used to define the type of access to the VRAM that is 


performed. 


atype 
Vallue |(Mviemanwitc VRAM Access 


Write (replace) 
Read modify write (raster) 
Anti-aliased 
Depth mode with Gouraud shading 
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Drawing control register (continued) CTL 


blockm BLOCK Mode: Specifies whether or not the destination will be written in block 
<6> mode. 


» 0 Normal write access 


. | Block mode write selected 


linear LINEAR mode: Specifies if the BITBLIT source is linear or XY. 
<7> 


. 0 XY bitblit 
» | Linear bitblit 


bop Boolean Operation between a source and a destination. The table below shows the 
<19: 16> various functions performed by the Booleen ALU in 1, 8, 16, and 32 bits/pixel modes. 
During block mode operations, bop must be set to 1100 (Ch). 


bop Function 

0000 0 

0001 -(DIS) 

0010 D&-S 

0011 -S 

0100 (-D) &S 

0101 -D 

0110 D’Ss 

oll | «<D&S8) 

1000 D&S 

1001 -(D 4S) 

1010 D 

1011 DI-S 

1100 S 

1101 (-D)IS 

1110 DIS 

, 1111 | 

trans TRANSlucidity: Specifies the percentage of opacity of the object. The opacity is realized 
<23:20> by writing one over ‘n’ pixels. The trans field specifies the following transparency 


patterns (where | is opaque and 0 is transparent): 
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DWGCTL (continued) Drawing control register 


alphadit 
<24> 


bltmod 
<26:25> 


zdrwen 
<25> 


0000 ooo1 0010 1111 
0101 0000 
1010 0000 
o101 0000 
10190 0000 


0101 0110 
[0000] 
0101 
0000 


[0 10 4 

1001 10 10 
=“|0001 0000 
0000] ,0 0.10, 
0100] [0000 
0000; |100@ 


10 11 1100 1101 1110 
0000 0100 a000 0010 
1000 0000 oo00ol 0000 
000a ooo 0000 1000 
0010 0000 0100 0000 


ALPHA D!IThering and shading enabled : Specifies whether the RED shader is used to 
generate the Alpha channel in 32 bits/pixel mode. 


#0: forcol<31:24> is used 


. 1: DR5<28:15> is used 


BLiT MODe selection: This field must be valid for BLITs without anti-aliasing: 


bltmod 


Value |Mnemonic Usage 


00 BMONO | Source operand is monochrome in | bits/pixel . 
01 BPLAN _ | Source operand is monochrome from one plane. 


10 BFCOL _ | Source operand is color. Source is formatted when it 
comes from the host. Fast clipping can be used 
during VRAM to VRAM BLITs. 


i BUCOL | Source operand is color. Source is in 32 bits/pixel 
when it comes from the host. Fast clipping can’t be 
used during VRAM to VRAM BLITs. 


This field must contain the value BFCOL in order to handle the line style properly for line 
drawing using line style. 


Z DRaW comparision ENabled: This field is shared with another field (see bltmod, 
above). It must be valid for drawing using depth. This bit specifies whether or not Z 
comparision is used. 


» 0 Don’t use depth comparision 


» | Use depth comparision 
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Drawing control register (continued) CT 


zlte Z written when Less Than or Equal: This field is shared with another field. It must be 
<26> valid for drawing using depth. This bit specifies whether Z is written when it is equal. 


. 0 Pixel is updated if depth is < 
. | Pixel is updated if depth is $ 


afor Anti-aliasing FOReground color selected: This field is shared with the hgbr field. It must 
<27> be valid when anti-aliasing is selected. This bit performs the first color selection for the 
anti-aliasing. 


» 0 DR5<22:15>, DR9<22:15>, and DR 13<22:15> are used 
» | FORCOL<23:0> is used 


hbgr <27> —_Host data in BGR format: This field is shared with the afor field. 
For ILOAD when bltmod = BUCOL 


» 0 Source data is in 
BGR format 


. | Source data is in RGB format 
For ILOAD when bltmod = BMONO 


» 0 Source data is in 
endian format 


. | Source data is in Windows format 


abac Anti-aliasing BACkground color selected: This field is shared with the hcprs field. It 
<28> must be valid when anti-aliasing is selected. This bit performs the second color selection 
for the anti-aliasing. 


» 0 Current pixel is selected 


» | BACKCOL<23:0> is selected 
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DWGCTL Drawing control register (continued) 


heprs Host data is ComPReSsed: This field is shared with the abac field. It must be valid for 
<28> color BLITs when the source data comes from the host and the data is in 24-bit true color 
format. 


. 0 Source data is 32 bit/pixel 
» | Source data is 24 bit/pixel 


pattern PATTERNing enable: This bit specifies whether patterning is enabled when performing 
<29> BLIT operations. 


» 0 Patterning is disabled 
. | Patterning is enabled 


This bit also specifies whether the two banks are to be cleared in parallel when block 
mode is enabled when fom = 01XX. Note that when the two banks are cleared in parallel, 
the fringes aren’t processed correctly, and so must be processed separately. 


» 0 One bank only 
. | Two banks in parallel 


transc TRANSparency Color enabled: This field must be valid for BLITs with color expansion. 
<30> This bit specifies whether the background color is written. 


. 0 Background color is opaque 


=| Background color is transparent 


Reserved Reserved: Writing has no effect. 
<31,24,15:8> 
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Memory access register MACE. 


Memory Address 1C04 Attributes W-F Reset Value 0000 0000 h 
Reserved foc pwidth 
ee oe ee oe aA a ta ee 
i aes fo po poo se fa ls a Doe fs a a fe 
pwidth Pixel WIDTH: Specifies the pixel width for drawing. 
<1:0> 
pwidth 
Value Mnemonic Mode 
00 PW8 8 bits/pixel 
01 PW16 16 bits/pixel 
10 PW32 32 bits/pixel 
11 —_ Reserved 
fbe Frame Buffer Configuration: Specifies if the double buffer is used when drawing. 
<3:2> 


fbe 


Mnemonic 


Value 


00 SBUF Full pixel width 
01 _ Reserved 
10 DBUFA Buffer A 


DBUFB Buffer B 
When the system is in double-buffer mode, and pwidth specifies 8 bits/pixel (4 bits per 
buffer) or 32 bits/pixel (16 bits per buffer), the plane write mask must be used in order to 
prevent modification of the pixels in the other corresponding buffer. When pwidth 
specifies 16 bits/pixel, only the targeted buffer will be modified. In this case, the plane 
write mask must not be used with ZI drawing when fbm = 10. 


Reserved Reserved: Writing has no effect. 
<31:4> 
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MCTLWTST Memory control wait state 


Memory Address 1 C08 Attributes W-F Reset Value FFFF FFFF h 


mctlwtst 


130202027 aos |24 az ||] | |x 15/14 )13]12)11)10;9|}8/7/6)5)4)3/2)1/0 


metlwtst 
<31:0> 


Memory ConTroL WaiT STate register: Specifies the number of wait states added to the 
memory sequencer. For each part of the memory cycle, a different 2-bit subfield is used. 
The contents of this register depend on of the type and speed of the RAM, and on the 

board configuration. Each subfield is defined as follows: 


mctlwtst<x+ | :x> 


00 1 gclk 

01 2 gclks 

10 3 gclks 

ll 4 gclks 
Description Mnemonic 
DEFAULT DFLT metlwtst<1:0> 
RAS SETUP R_SU mcetlwtst<3:2> 
RAS HOLD R_HD mnctlwtst<5:4> 
CAS SETUP C_SU metlwtst<7:6> 
HOST DELAY HOST-D metlwtst<9:8> 
CAS HOLD C_HD metlwtst<1 1: 10> 
READ CAS HOLD RC_HD mcetlwtst<13:12> 
HYPER READ CAS HOLD HRC_HD mcetlwtst<15:14> 
Z READ CAS HOLD ZRC_HD metlwtst<17:16> 
RAS PRECHARGE R_PR metlwtst<19:18> 
ZI RAS HOLD ZIR_HD metlwtst<21:20> 
HYPER READ RAS PRECHARGE HRR_PR metlwtst<23:22> 
Z RAD HOLD ZR_HD mcetlwtst<25:24> 
SWITCH BUS SWT_B metlwtst<27:26> 
WAIT Ww_ mcetlwtst<29:28> 
LAST PIXEL LP metlwtst<3 1:30> 
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Memory control wait state (continued MCTLWTST 


Programming mctlwtst (80 ns VRAMs): 
1. C4001010h 
2. C4001110h (one more gclk for BUCOL ILOAD access) 


C4001010h is the default value to use, except for BUCOL ILOADs. In the latter case, 
mctlwtst is programmed to C4001110h prior to the BUCOL ILOAD execution. It’s put 
back to C4001010h when the BUCOL ILOAD execution has finished. 


Memory Address 1C10 Attributes R- D 


Reset Value Loaded from vd<63:0> 


dsti0 
<31:0> 
dstil 
<63:32> 


63 32 31 oO 


dstil dstiO 


DeSTination In register: The dstiO and dstil fields are used to load configuration data on 
reset. The destination registers are normally used by the drawing engine. They are 
readable, however, since their values are initialized from the data bus on reset (breset). 
Note that the registers must be read before any direct access to the frame buffer or 
drawing engine operation is performed in order to obtain valid data. 


For more information on the definition of each bit on power up, refer to Section 3.6, 
‘Power Up and Reset’. 
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ZMSK 


Memory Address 1C18 


Z mask control register 


Attributes W-F Reset Value XXXX XXXXh 


zcol<3:0> 


plnzmsk 
<7:4> 


zten 
<8> 


zcolblk <9> 


Reserved 
<31:10> 
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Reserved plnzmsk Zcol 


| 
| 


x1 30 29 28 2) 2 25 ba 23 22 [21 29 14 28 2) 26 15 Ja ba 42 130987 ¢54 4 2110 


Z COLor: This field is used by the Depth Mask ALU as the source operand. 


PLaNe Z MaSK: These bits are used to select the plane on the ZTAG RAM. 


Z tag ENable: When 0, ZTAG RAM writes are inhibited; when 1, ZTAG RAM writes are 
enabled (refer to Section 6.3.3 for more information). 


Z COLor select in BLocK mode: This bit is used to load the ZTAG with 0 or 1 when in 
block mode. 


Reserved: Writing has no effect. 


Notes: 


Since the ZTAG is used as a tag for the depth buffer, the following values are typically 
used: 


Operation zcolblk zcol plnzmsk 
Z drawing x 0000 1111 

Z clear (all) | 1111 1111 
Z clear (partial) | pixsla pixslb 
Normal drawing; x 0000 0000 


where ‘pixsla’ and ‘pixslb’ are used to select which pixels in the depth buffer are updated 
in this group of 16 pixels. A pixel (as shown in the following illustration) is written when 
both the ‘col’ and the plnzmsk related to it are ‘1’. 


plnzmsk 
3.2 #1 0 
z 3 
ae ra 
] 


a a 
Cm ee feral Ro 
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Memory Address 1CiC Attributes w-F Reset Value XXXX XXXX h 


olnwt 


| 


h [so psa rs soe] 2 fu | 18 17 16 f15 yl4 13 [12 jul 10; 9 8 7 Pb yh P44 Ps ye yl jo 


plnwrmsk PLaNe WRite MaSK: Specifies the plane or planes to be protected during any write 
<31:0> operations. During intensity buffer write operations, the contents of this register are 
transmitted to the VRAMs through the vd<63:0> bus where they are latched on the falling 
edge of RAS/. 
"0 = Inhibit write 
» | = Permit write 
In 8 and 16 bits/pixel modes, some bits have to be replicated. Refer to Figure 3-8 for the 
definition of the slice for each mode. 


“Note: When performing a drawing operation with Z when fbm = 10, the plane write 
mask must not be used, since the mask will affect both Z (depth) and I (intensity) plane 
masking. 
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Background Color BCOL 


Memory Address 1 C20 Attributes W-F Reset Value XXXX XXXXh 
backcol 
| | 
31/30 (29 [28 )27 )26 425 )24 [23 p22 j22 720 19 [18 p17 LG 715 [14 13 [2] ul tO; 9 78 | 7 yb yh Pd yd fea yt jo 
backcol BACKground COLor: The backcol field is used by the color expansion module to 
<31:0> generate the source pixels when the background is selected. As well, the backcol field is 


used as the background color for anti-aliased characters. 


In 8 and 16 bits/pixel modes, some bits have to be replicated. Refer to Figure 3-10 for the 
definition of the slice for each mode. 


FCOL Foreground color/Background Z value 
Memory Address | C24 Attributes W-F Reset Value XXXX XXXXh 
forcol 
| 
31/30 29 28 27 26 25 24 23 22422) 20 19 1B 17 16 15 (4 (13)12) 11) 10 9/8 7 6 5/4 B 2 1/0 
partial forcol backz 
forcol FOReground COLor: The forcol field is used by the color expansion module to generate 
<31:0> the source pixels when the foreground is selected. As well, forcol is used as foreground 


color for anti-aliased characters. 


In 8 and 16 bits/pixel modes some bits have to be replicated. Refer to Figure 3-10 for the 
definition of the slice for each mode. 


backz BACKground Z value: The backz field is used with primitives that use the Z buffer. 
<15:0> When the ZTAG bit specifies a background depth value, the backz register is selected 
instead of the destination register to perform the comparision. 


5-20 Chapter 5: Register Descriptions MGA ATHENA Specification Matrox Confidential 


Source register SRCO,SRC1, SRC2, SRC3 


Memory Address 1C30 Attributes W-FD Reset Value XXXX XXXX h 
1034 
1C38 
1C3C 
127 96 95 64 63 32 31 0 
scrcreg3 scrcreg2 scrcreg 1 scrcreg0 


srcreg<127:0>SouRCe REGister: The Source register is used for all drawing operations. 


» For LINE with the RPL or RSTR attribute, the source register is used to store the line 
style. The funcnt field of the SHIFT register points to the selected source register bit 
which is being used as the linestyle for the current pixel. The following illustration 
shows how the linestyle is stored in the source register. 


Pattern direction 
127 zi 0 


stylelen in Dost: 


| 
| Pixel 1 (funcnt) | 


linestyle 


. For TRAP with the RPL or RSTR attribute, the source register is used to store the 
pattern. The following format is used: 


srcreg3 srcreg2 srcregl srcregO 
127 96 |95 64 |63 32 81 0 


707 017 07 017 07 017 07 017 07 017 07 017 07 017 07 0 
line7 line6 line5 line4 line3 line2 linet lined 


® For all BITBLT operations, and for TRAP or LINE using depth mode, the source 
register is used internally for intermediate data. 


. The source register is used internally for intermediate data for all BITBLT operations. 
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XYSTRT X Y start address 


Memory Address 1 C40 Attributes W-FKD Reset Value XXXX XXXX h 


Y_START X_ START 


31.) 30/29] 28) 27) 26) 25 | 24) 23) 22 | 21] 20] 19] 18 | 17 16 | 15) 04 [13] 12) p10; 9) 8) 7) 6) 5) sy df ey ty 0 


The XYSTRT register is not a physical register. It is simply an alternative way to load 
registers AR5, AR6, XDST and YDST. 


The XY STRT register is only used for LINE and AUTOLINE. XY STRT does not require 
initialization for polylines because all the registers affected by XYSTRT are updated to 
the endpoint of the vector at the end of the AUTOLINE. 


When XYSTRT is written, the following registers are affected: 
. X_START<15:0> --> xdst<15:0> 

» X_START<15:0>--> ar5<17:0> (sign extended) 

. Y_START<15:0> --> ydst<23:0> (sign extended) 

. 0 --> sellin 

» | --> newy 


. Y_START<15:0> --> ar6<17:0> (sign extended) 


x-start X STARTing coordinate: x-start contains the X coordinate of the starting point of the 
<15:0> vector. It is a 16-bit signed value in two’s complement notation. 

y-start Y STARTing coordinate: y-start contains the Y coordinate of the end point of the vector. 
<31:16> This coordinate is always XY (this means that to use the XYSTRT register the linearizer 


must be used). It is a 16-bit signed value in two’s complement notation. 
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X Y end address XYEND 


Memory Address 1C44 Attributes W-FKD Reset Value XXXX XXxXh 


x-end 
<15:0> 


y_end 
<31:16> 


Y-END X-END 
[~ | 


fs [ann] alan asfas|2e 2] a] 20] 19} 18 il V5) 14 13) 12) aL) 10; 9) 8p 7] 6S Jah fi 


The XYEND register is not a physical register. It is just an alternative way to load 
registers ARO and AR2. 


XYEND register is only used for AUTOLINE drawing.When XYEND is written, the 
following registers are affected: 


» X_END<15:0>--> ar0<17:0> (sign extended) 
» Y_END<15:0>-->ar2<17:0> (sign extended) 


X ENDing coordinate: x-end contains the X coordinate of the end point of the vector. It is 
a 16-bit signed value in two’s complement notation. 


Y ENDing coordinate: y-end contains the Y coordinate of the end point of the vector. It is 
a 16-bit signed value in two’s complement notation. 
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SHIFT Funnel shifter control 


Memory Address 1C50 Attributes W-FKD Reset Value XXXX XXXX h 
Reserved fifent funoff Resewed funct 
| i i I 


nfo [aan 26 /25 2 |2]n 21 |20 19 | 18 |17 | 16} 15 14 |13 | 12) 11 )10) 9/8 |7|6)5/4/3/2)1/0 


| | begecna 
stylelen y_off —_x-off 


funent <6:0> FUNnel CouNT value: This field is used to drive the funnel shifter bit selection. 


=" For LINE operations, this is a countdown register. This register is used to initialize and 
select the first bit of the line style. 


. For BLIT operations, this register is incremented by the slice value to select source bits. 


x-Off pattern X OFFset: This field is used for TRAP operations to specify the X offset in the 
<3:0> pattern. This offset must be in the range O-7 (bit 3 is always 0). 

y_off pattern Y OFFset: This field is used for TRAP operations to specify the Y offset in the 
<6:4> pat tern. 

Reserved Reserved: Writing has no effect. 

<15:7> 

funoff FUNnel shifter OFFset: For BLIT operations, this field is used to specify a bit offset in 
<21:16> the funnel shifter count. In this case, funoff is interpreted as a 6-bit signed value. 
fifent FIFo CouNT: For BLIT operations, this field is used by the sequencer to determine how 
<25:22> many source slices are available. In this case, the field does not need to be initialized. 
stylelen line STYLE LENgth: For LINE operations, this field specifies the linestyle length. 
<22:16> 

Reserved Reserved: Writing has no effect. 

<31:26> 
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Sign SGN 
Memory Address 1C58 Attributes W-FKD Reset Value XXXX XXXX h 
S 
> ‘® 
- @ a 4 
Reserved 3 ks S33 
n ann 
| i td 
31/30 (29 /28 [27 426 25 p24 [23 ]22 fll [20 |19 (18 fl? jl6 54 13 f12 ll jl0]9 78 77] 675 4 73 72 ft fo 
sdydxl’ 
sdydxl Sign of Delta Y minus Delta X: This bit is shared with scanleft. It is defined for LINE 
<0> drawing only and specifies the Major axis. This bit is automatically initialized during 
AUTOLINE operations. 
» 0 Major axis is Y 
. | Major axis is X 
scanleft Horizontal SCAN direction LEFT (1) vs RIGHT (0): This bit is shared with sdydxl. It is 
co> used for TRAP and BLIT drawing. The scanleft bit is set according to the X scanning 
direction in a BLT or filled trapezoid. 
Normally, this bit is always programmed to zero except for BITBLT when bltmod = 
BPLAN or BFCOL. 
sdxl Sign of delta X (line draw or left trapezoid edge): The sdxl bit specifies the X direction 
<I> for a line draw (opcod = LINE) or the X direction when plotting the left edge in a filled 
trapezoid draw. This bit is automatically initialized during AUTOLINE operations. 
#0 delta X is positive 
» | delta X is negative 
sdy <2> Sign of delta Y: The sdy bit specifies the Y direction of the destination address. This bit is 
automatically initialized during AUTOLINE operations. 
. 0 delta Y is positive 
. | delta Y is negative 
Reserved Reserved: Writing has no effect. 
<4:3> 
sdxr Sign of delta X (right trapezoid edge): The sdxr bit specifies the X direction of the right 
<5> edge of a filled trapezoid. 
. 0 del ta X is positive 
.1 delta X is negative 
Reserved Reserved: Writing has no effect. 
<31:6> 


Matrox Confidential MGA ATHENA Specification Power Graphic Mode Register Descriptions 5-25 


LEN Length 


Memory Address 1C5C Attributes W-FKD Reset Value XXXX XXXX h 


Reserved length 
} 


31/30 )29 ) 28 427 | 26) 25] 24 | 23722 J 21) 20 [19 p28 fT p16 y LS pd p13 | 12] a p10; 978 7b lS PAP BP ty yo 


length <15:0> LENGTH: The length bit is a 16-bit unsigned value. 
. The length field doesn’t require initialization for auto-init vectors. 
" For a vector draw, length is programmed with the number of pixels to be drawn. 


. For Blits and trapezoid fills, length is programmed with the number of lines to be filled 


or BLITed. 
Reserved Reserved: Writing has no effect. 
<31:16> 
ARO Multi-purpose address register 0 
Memory Address 1 C60 Attributes W-FKD Reset Value XXXX XXXX h 
Reserved ar0 
3130729) 28) 27 | 26) 25) 28) 23 )22 fj 21 (20 19418 | ATMG | 15 pds F132) pO; 9 yk | TP bP h | ay SP ey dy 
ar0 Address Register 0: The ar0 field is an 18-bit signed value in two’s complement notation. 
<17:0> 
» For AUTOLINE, this register holds the X end address (see the XYEND register 
description on page 5-23). 
# For LINE, it holds 2 x ‘b’. 
. For a filled trapezoid, it holds ‘dY1’. 
. For a BLIT, arO holds the line end source address ‘sea’. 
Refer to Table 3-1 for more information. 
Reserved Writing has no effect. 
<31:18> 
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Multi-purpose address register 1 ART 


Memory Address 1C64 Attributes W-FKD Reset Value XXXX XXXX h 
Reserved arl 
| l 
31) 30 29 2 6 25 24 |23/22| 21 20 19 18 17 16 15 |14/13 12 11 10 9/8 5/4 1/0 


arl Address Register 1: The arl field is a 24-bit signed value in two’s complement notation. 
<23:0> This register is also loaded when ar3 is accessed. 
. For LINE, it holds the error term (initially 2 x ‘b’ - ‘a’ -[sdy]). 
» This register does not need to be loaded for AUTOLINE. 
. For a filled trapezoid, it holds the error term in two’s complement notation; initially: 
‘errl’ = [sdxl] ? ‘dXI1’ + ‘dYI’- 1 : -‘dX 
« For a BLIT, arl holds the line start source address ‘ssa’. Because ‘ssa’ is also required 
in ar3 and when writing ar3, arl is loaded, this register doesn’t need to be explicitly 
initialized. 
R eserved Reserved: Writing has no effect. 
<31: 24> 
Multi-purpose address register 2 AR2 
Memory Address | C68 Attributes W-FKD Reset Value XXXX XXXXh 
Reserved ar2 
31 | 30 | 29} 28) 27| 26) 25} 24) 23) 22 | 21 | 20| 19) 18 | 17116 | 15 14) 13| 12) 11} 10) 9/8) 7; 6)5)| 4) 3) 2) 1/0 
ar2 Address Register 2: The ar2 field is an 18-bit signed value in two’s complement notation. 
<17:0> 
» For AUTOLINE, this register holds the Y end address (see the XYEND register 
description on page 5-23). 
. For LINE, it holds the minor axis error increment (initially 2 x ‘b’ -2 x ‘a’). 
» For a filled trapezoid, it holds the minor axis increment -ldXII. 
. This register is not used for BLIT operations. 
R eserved Reserved: Writing has no effect. 
<31:18> 


Matrox Confidential MGA ATHENA Specification Power Graphic Mode Register Descriptions 5-27 


AR3 Multi-purpose address register 3 
Memory Address 1 C6C Attributes W-FKD Reset Value XXXX XXxXXh 
Reserved spage ar3 

| 1 | “TI 

31 | 30| 29) 28| 27) 26} 25) 24) 23) 22 | 21 | 20) 19) 18 | 17116 | 15) 14 | 13} 12) 11} 10) 9) 8 | 7; 6{)5) 4) 3; 2; 1) 0 
ar3 Address Register 3: The ar3 field is a 24-bit signed value in two’s complement notation or 
<23:0> a 24-bit unsigned value. 

. This register is used during AUTOLINE, but does not need to be initialized. 

= This register is not used for LINE without Auto initialization, nor is it used by TRAP. 

# In the two operand Blit algorithms, ar3 contains the source current address ‘sca’. This 

value must be initialized as the starting address for a Blit. The ‘sca’ is always linear. 

spage These three bits are used as an extension to ar3 in order to generate a 27-bit source or 
<26:24> pattern address. They are not modified by ALU operations. 

The spage field is not used for TRAP, LINE or AUTOLINE operations. 
Reserved Reserved: Writing has no effect. 
<31:27> 
AR4 Multi-purpose address register 4 

Memory Address 1C70 Attributes W-FKD Reset Value XXXX XXXX h 
Reserved ar4 

| 

31 30 29 28 27 26 95 24 23 22 21 20 19 18 A7I6 15 14 13 12 11 9.8176 543210 
ar4 Address register 4: The ar4 field is an | 8-bit signed value in two’s complement notation. 
<17:0> 

» For TRAP, it holds the error term. Initially: 

‘errr’ = [sdxr] ? “dXr’ + ‘dYr’- 1 : -“dXr’ 

. This register is used during AUTOLINE, but it doesn’t need to be initialized. 

. This register is not used for LINE or BLIT operations. 
Reserved Reserved: Writing has no effect. 
<31:18> 
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Multi-purpose address register 5 AR5 
Attributes W-FKD 


Memory Address 1C74 Reset Value XXXX XXxXXh 


Reserved ar5 


fi 


ue sun 12) 11 )10; 9)8 | 7) 6)5 7 4 i) 


31 fe ufo 26} 25) 24) 23 (22 dl | 20] 19] 18 


ar5 Address Register 5: The arS5 field is an 18-bit signed value in two’s complement notation. 


<17:0> 
. At the begining of AUTOLINE, ar5 holds the X start address (see the XYSTRT register 


on page 5-22). At the end of AUTOLINE the register is loaded with the X end, so it is 
not necessary to reload the register when drawing a polyline. 


. This register is not used for LINE without Auto initialization. 


. For TRAP, it holds the minor axis increment -IdYri. 


. In BLIT algorithms, ar5 holds the pitch of the source operand ‘syinc’ (See Table 3-1). 
A negative pitch value specifies that the source is scanned from bottom to top while a 


positive pitch value specifies a top to bottom scan. 


Reserved Reserved: Writing has no effect. 


<31:18> 


Multi-purpose address register 6 AR6 
Attributes w-FKD 


Memory Address 1C78 Reset Value XXXX XXXXh 


Reserved ar6 


14 }13) 12; U1) 10; 9 fb | 7) by SP 4p slept yo 


29) 28} 27 | 26) 25) 24) 23 )22 ) 21 j20)19 718 | 1706 | 15 


31 30 


Address Register 6: This field is an 1%bit signed value in two’s complement notation. It 

is sign extended to 24 bits before being used by the ALU. 

. At the begining of AUTOLINE, ar6 holds the Y start address (see the XYSTRT register 
description on page 5-22). During AUTOLINE processing, this register is loaded with 
the signed Y displacement. At the end of AUTOLINE the register is loaded with the Y 
end, so it is not necessary to reload the register when drawing a polyline. 


ar6 
<17:0> 


This register is not used for LINE without Auto initialization. 
. For TRAP, it holds the major axis increment ‘dYr’. 
» This register is not used for BLIT operations. 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 


<31:18> 
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PITCH 


Memory pitch 


Memory Address 1C8C 


Attributes W-FKD 


Reset Value XXXX XXxXh 


iy 
<12:0> 


Reserved 
<14: 13> 


ylin <15> 


Reserved 
<31:16> 


Reserved 
hoa on ee 


— ylin 
y Reserved 


IV 
| 


31 30 (29 | 28 | 27 | 26) 25) 24) 23 (22 J 21 (20419 a] ns 15 \14 13 121/10] 3 | T)O]5] 4] 3) 2 aT 


Y Increment: This field is a 13-bit unsigned value. The Y increment value is a pixel unit, 
and it must be a multiple of 32 (the five LSB = 0). This field specifies the increment to be 
added to or subtracted from ydst between two destination lines. This field is also used as 
the multiplicator factor for linearizing the iy register. 


It should be noted that only a few values are supported for linearization. If the pitch 
selected can’t be linearized, the ylin bit should be used to disable the linearization 
operation. The following table provides the supported pitch for linearization: 


Pitch iy Pitch iy 

512 0001000000000 1152 0010010000000 
640 0001010000000 1280 0010100000000 
168 0001100000000 1536 0011000000000 
800 0001100100000 1600 0011001000000 
1024 0010000000000 


Reserved: Writing has no effect. 


Y LINearization: This bit specifies if the address must be linearized or not. 


» 0 Linearize the address 


= | Don’t linearize the address 


Reserved: Writing has no effect. 
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Y address register YDST 


Memory Address 1 C90 Attributes W-FKD 
Reset Value XXXXXXX 0 XXXXXXXXXXXXXXXXXXXXXXXX_ b 


Reserved 
Wy 


sellin 


FS ydst 
| 


31|30 24 28 27 26 25 24 2322/21 2) 1) 1B 17 46 45 14/13 12 24 1) 98.7 6 5148 410 


ydst Y DeSTination: The ydst field contains the current Y coordinate of the destination address 
<23:0> as a signed value in two’s complement notation. Two formats are supported: linear format 
and XY format. The current format is selected by ylin. 


When XY format is used, ydst represents the Y coordinate of the address. The valid range 
is -32768 to +32767 (16-bit signed). The XY value is always converted to a linear value 
before being used. 


When linear format is used, ydst must be programmed as follows: 
ydst <-- (Y coordinate) x PITCH >> 5 


The Y coordinate range is from -32768 to +32767 (16-bit signed) and the pitch range is 
from 32 to 6144. Pitch is also a multiple of 32. 


Before starting a vector draw, ydst must be loaded with the Y coordinate of the starting 
point of the vector. This can be done by accessing the XY_START register. This 
register does not require initialization for polyline operations. 


Before starting a BLIT, ydst is loaded with the Y coordinate of the starting corner of the 
destination rectangle. 


For trapezoids, this register must be loaded with the Y coordinate of the first scanned 
line of the trapezoid. 


newy NEW Y: The newy field is a |-bit field which is always set every time the register is 

<24> written by the processor (bit 24 of the data bus is discarded). This bit is cleared when 
ydstorg is added to ydst. This bit is used to inhibit the linearization of an address which 
has already been linearized. This bit is also set when the host accesses the XYSTRT 


register. 
Reserved Reserved: Writing has no effect. 
<28:25> 
sellin SELected LINe. The sellin field is used to perform the dithering, patterning, and 
<31:29> transparency functions. During linearization, this field is loaded with the three LSB of 


ydst. If no linearization occurs, then those bits have to be initialized correctly if one of the 
above-mentioned functions is to be used. 
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YDSTORG Memory origin 
Memory Address 1C94 Attributes W-FK Reset Value XXXX XXXX h 
Reserved ydstorg 

[ 

31 30 29 28 27 26 25 24 23122 21 20 29 ie 47 46 As 24]13/12 11 1098.7 6 5,43.210 
ydstorg DeSTination Y ORiGin: The ydstorg field is a 27-bit unsigned value. It gives an offset 
<26:0> value in pixel units, in order to position the first pixel of the first line of the screen. This 

register is used to initialize the YDST address. 

This register must be loaded with a multiple of 32 (the five LSB = 0). 

Reserved Reserved: Writing has no effect. 
<31:27> 
YTOP Clipper Y top boundary 
Memory Address 1C98 Attributes w-rK Reset Value XXXX XXXX h 
Reserved cytop 

31 30 29 28 27 26 25 24 |23/ 22) 21 20 19 18 17 16 15 (14)13) 12 11109876548 21/0 
cytop Clipper Y top boundary: The cytop field contains an unsigned 27-bit value which is 
<26:0> interpreted as a positive pixel address and compared with the current ydst. The value of 

the ydst field must be greater than or equal to cytop to be inside the drawing window. 

This register must be programmed with a linearized line number: 

cytop = (TOP LINE NUMBER) x PITCH + YDSTORG 

This register must be loaded with a multiple of 32 (the five LSB = 0). 

Note that since the cytop value is interpreted as positive, any negative ydst value is 

automatically outside the clipping window. There is no way to disable clipping. 
Reserved Reserved: Writing has no effect. 
<31:27> 
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Clipper Y maximum boundary CBO 


Memory Address | C9C Attributes w-rK Reset Value xxxx XXxXX h 
Reserved cybot 
nfo faa ao a/afe 21 )20 (19) 18] 17 716] 25 jd | 23) 12; 7) 10) 978) 7) 6) 5} 4p dp 271) 0 
cybot Clipper Y BOTtom boundary: The cybot field contains an unsigned 22-bit value which is 
<26:0> interpreted as a positive pixel address and compared with the current ydst. The value of 


the ydst field must be less than or equal to cybot to be inside the drawing window. 
This register must be programmed with a linearized line number: 
cybot = (BOTTOM LINE NUMBER) x PITCH + YDSTORG 


This register must be loaded with a multiple of 32 (the five LSB = O).There is no way to 
disable clipping. 


Reserved Reserved: Writing has no effect. 
<31:27> 
Clipper X minimum boundary CXLEFT 
Memory Address 1CA0 Attributes w-rx Reset Value xxxx XXxX h 
Reserved cxleft 


31/30 29 )28 j27 | 26 j25 (24 23 22 f21 j20 j19 18 f7 j26 |L5 jd f13 ]12 ju flO; 9 78 f7 fh Yh 74 f3 f2 fd fo 


cxleft Clipper X LEFT boundary: The cxleft field contains an unsigned 13-bit value which is 
<12:0> interpreted as a positive pixel address and compared with the current xdst. The value of 
xdst must be greater than or equal to cxleft to be inside the drawing window. 


Note that since the cxleft value is interpreted as positive, any negative xdst value is 
automatically outside the clipping window. There is no way to disable clipping. 


Reserved Reserved: Writing has no effect. 
<31:13> 
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CXRIGHT Clipper X maximum boundary 


Memory Address 1 CA4 Attributes W-FK Reset Value XXXX XXXX h 
Reserved cxright 
I 
hi h : Lh in hss hu F 2 fi 20 s r i E c M 3 E 4 c : i 1 [ [ f 3 I | | i 
cxright Clipper X RIGHT boundary: The cxright field contains an unsigned 13-bit value which is 
<12:0> interpreted as a positive pixel address and compared with the current xdst. The value of 


xdst must be less than or equal to cxright to be inside the drawing window. There is no 
way to disable clipping. 


Reserved Reserved: Writing has no effect. 
<31:13> 
FXLEFT X address register (left) 
Memory Address 1CA8 Attributes W-FKD Reset Value XXXX XXXX h 
Reserved fxleft 

| I 

31 | 30 1 nla i) fos |aa an 19 18 1 as r 2 10| 9 c | 6 | 57 4)3 2] 1) 0 
fxleft Filled object X LEFT coordinate: The fxleft field contains the X coordinate of the left 
<15:0> boundary of any filled object being drawn. It is a 16-bit signed value in two’s 


complement notation. 
» The fxleft field is not used for line drawing. 
. During filled trapezoid drawing, fxleft is updated during the left edge scan. 


. During a BLIT operation, fxleft is static, and specifies the left pixel boundary of the 
area being written to. 


Reserved Reserved: Writing has no effect. 
<31:16> 
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Memory Address 1CAC Attributes W-FKD Reset Value XXXX XXXXh 
Reserved fxrig ht 
| | 
f fn fn an [aslo 23 ne ne a) 16) 154 p13 12) yl); 9 pb] TP bP SP ays pe y ly o 
fxright Filled object X RIGHT coordinate: The fxright field contains the X coordinate of the 
<15:0> right boundary of any filled object being drawn. It is a 16-bit signed value in two’s 


complement notation. 
. The fxright field is not used for line drawing. 
. During filled trapezoid drawing, fxright is updated during the right edge scan. 


. During a BLIT operation, fxright is static, and specifies the right pixel boundary of the 
area being written to. 


Reserved Reserved: Writing has no effect. 
<31:16> 
X Destination address register XDST 

Memory Address 1CBO Attributes W-FKD Reset Value XXXX XXXXh 

Reserved xdst 
31 | 30 a 1 25252 2322] 21)20 )19 )18) 17 )16 ) 1504 (13) 12] p10) 9 fb 7) 6 PSP ays yey ly o 

xdst X coordinate of the destination address: The xdst field contains the running X coordinate 
<15:0> of the destination address. It is a 16-bit signed value in two’s complement notation. 


. Before starting a vector draw, xdst must be loaded with the X coordinate of the starting 
point of the vector. At the end of a vector xdst contains the address of the last pixel of 
the vector. This can also be done by accessing the XYSTRT register. 


. This register does not require initialization for polyline operations. 


For trapezoids and BLITs, this register is automatically loaded from fxleft and fxright 
and no initial value must be loaded. 


Reserved Reserved: Writing has no effect. 
<31:16> 
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DRO Data ALU register 0 


Memory Address 1 CCO Attributes W-FD Reset Value XXXX XXXX h 


dro 


31 30 29 28 27 26 25 24 23 |22) 21 20 19 18 17 { 15 |14/13 


12 11 10 9 8 |7 6 5}4 8 21/0 


dr0<31:0> Data ALU Register 0: 


» For TRAP with Z, the DRO register is used to scan the left edge of the trapezoid. This 


register must be initialized with its starting Z value. In this case, DRO is a signed 17.15 
value in two’s complement notation. 


. For LINE with Z, the DRO register holds the current Z value for the currently drawn 


pixel. This register must be initialized with the starting Z value. In this case, DRO is a 
signed 17.15 value in two’s complement notation. 


» For LINE with anti-aliasing, DRO holds the fraction of the pixel covered by the line 
which is used by the blender. The register must be initialized with 1 (for the first part) 


or 0 (for the second part). In this case, DRO is a signed 16.16 value in two’s 
complement notation. 


DR1 Data ALU register 1 


Memory Address 1CC4 Attributes w-rp Reset Value XXXX XXXX h 


dr| 


|i 


dr1<31:0> = Data ALU Register 1: 


. The DRI output is used as the current depth value. Because Z should never be negative, 
a negative value is interpreted as an overflow and data is saturated before being used. 


. For TRAP and LINE with Z, the DR1 register holds the current Z value for the 


currently drawn pixel. This register does not require initialization. In this case, DR1is a 
signed 17.15 value in two’s complement notation. 


. For LINE with anti-aliasing, DR1 holds the fraction of the pixel covered by the line 


which is used by the blender. This register does not require initialization. In this case, 
DRI is a signed 16.16 value in two’s complement notation. 
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Data ALU register 2 


DR2 


Memory Address 1CC8 Attributes w-F Reset Value XXXxX XXxXh 


dr2 


pu oan fafa 8 ofa 2 ahs 18/17 (16 F 14 13} 12] tl 10; 9 78 }7) 675 fafa fa} 


dr2<31:0> Data ALU Register 2: 
. For TRAP with Z, the DR2 register holds the Z increment value along the X axis. In 
this case, DR2 is a signed 17.15 value in two’s complement notation. 


. For LINE with Z, the DR2 register holds the Z increment value along the major axis. In 
this case, DR2 is a signed 17.15 value in two’s complement notation. 


» For LINE with anti-aliasing, DR2 holds the pixel coverage increment value along the 
major axis. In this case, DR2 is a signed 16.16 value in two’s complement notation. 


Data ALU register 3 DR3 


Memory Address 1CCC Attributes w-F Reset Value XXXX XXXXh 


dr3 


1 pas 28/27 )26)25 )24 ) 23 j22 j21 20 29 JLB fl? LG p15 4 [23 12] al jlo; 9 78 p76 |S Jafa]sfo 


dr3<31:0> Data ALU Register 3: 
» For TRAP with Z, the DR3 register holds the Z increment value along the Y axis. In 
this case, DR3 is a signed 17.15 value in two’s complement notation. 


. For LINE with Z, the DR3 register holds the Z increment value along the diagonal axis. 
In this case, DR3 is a signed 17.15 value in two’s complement notation. 


# For LINE with anti-aliasing, DR3 holds the pixel coverage increment value along the 
diagonal axis. In this case, DR3 is a signed 16.16 value in two’s complement notation. 
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DR4 Data ALU register 4 


Memory Address 1 CDO Attributes W-FD Reset Value XXXX XXXXh 


Reserved dr4 


fea On ee ee ne ee eh ee ee ee op ewe 


unl fafa as ne 2322/21/20) 19 )18 ) 1706 | 15 14 p23 p12]; l 10; 9) 8) TP by} Sy AP sy etl] o 


dr4 <23:0> Data ALU Register 4: DR4 holds a signed 9.15 value in two’s complement notation. 


» For TRAP with Z, the DR4 register is used to scan the left edge of the trapezoid for the 
red color (Gouraud shading). This register must be initialized with its starting red color 
value. 


® For LINE with Z, the DR4 register holds the current red color value for the currently 
drawn pixel. This register must be initialized with the starting red color. 


Reserved Reserved: Writing has no effect. 
<31:24> 
DR5 Data ALU register 5 
Memory Address 1 CD4 Attributes w-rp Reset Value XXXX XXXXh 
Reserved dr5 


31/30 (29 28 | 27) 26) 25) 24) 23 [22 f 21] 2019 p18 | 17/16 715 ld 3 p22] a p10] 9) 8) 7, bP SP apd 2 Ly 0 


dr5 <23:0> Data ALU Register 5: DRS holds a signed 9.15 value in two’s complement notation. 


» The DRS output is used as the current red value. Because intensity should never be 
negative, a negative value is interpreted as an overflow and data is saturated before 
being used. 


. For TRAP and LINE with Z, the DRS register holds the current red color value for the 
currently drawn pixel. This register does not require initialization. 


Reserved Reserved: Writing has no effect. 
<31:24> 
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Data ALU register 6 DR6 


Memory Address 1CD8 Attributes W-F Reset Value XXXX XXXXh 


Reserved dr6 


31 30 29 2b 27 26 25 p4 23/22 21 20 29 1B 17 16 15 [4113] 32 11109. 7 $548 2:10 


dr6 <23:0> Data ALU Register 6: DR6 holds a signed 9.15 value in two’s complement notation. 
® For TRAP with Z, the DR6 register holds the red increment value along the X axis. 
» For LINE with Z, the DR6 register holds the red increment value along the major axis. 


Reserved Reserved: Writing has no effect. 
<31:24> 


Data ALU register 7 DR7 


Memory Address | CDC Attributes W-F Reset Value XXXX XXXXh 


Reserved dr7 


a1 30.79 28127 26| 25) 24) 23) 22) 21|20 19/18) 17/16 | 15/14 | 13) 12; 11) 10; 9) 8} 7/6; 5) 4) 3)2)1) 0 


dr7 <23:0> Data ALU Register 7: DR7 holds a signed 9.15 value in two’s complement notation. 
. For TRAP with Z, the DR7 register holds the red increment value along the Y axis. 
# For LINE with Z, the DR7 register holds the red increment value along the diagonal 


axis. 


Reserved Reserved: Writing has no effect. 
<31:24> 
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DR8 Data ALU register 8 


Memory Address 1CE0 Attributes W-FD Reset Value XXXX XXXXh 


Reserved dr8 


31) 30 (29 )28)27 | 26) 25) 24) 23) 22 | 21) 20 | 19) 18 | 1726 | 15 p14 13 


12] 1; 10; 9} 8) 7) by 5] 473727 ty 


dr8 <23:0> Data ALU Register 8: DR8 holds a signed 9.15 value in two’s complement notation. 
®" For TRAP with Z, the DR8 register is used to scan the left edge of the trapezoid for the 


green color (Gouraud shading). This register must be initialized with its starting green 
color value. 


» For LINE with Z, the DR8 register holds the current green color value for the currently 
drawn pixel. This register must be initialized with the starting green color. 


Reserved Reserved: Writing has no effect. 
<31:24> 
DR9 Data ALU register 9 
Memory Address | CE4 Attributes w-rp Reset Value Xxxx XXXXh 
Reserved drg 
313029 (28 27 | 26) 25) 24) 23] 22) 21) 20 (19 p18 17 LG ] 15 1d pl jp 22f al 0; 9) 8 PrP bP bP ays] atl yo 
dr9 <23:0> Data ALU Register 9: DR9 holds a signed 9.15 value in two’s complement notation. 
. The DR9 output is used as current green value. Because intensity should never be 
negative, a negative value is interpreted as an overflow and data is saturated before 
being used. 
» For TRAP and LINE with Z, the DR9 register holds the green color value for the 
currently drawn pixel. This register does not need to be initialized. 
Reserved Reserved: Writing has no effect. 
<31:24> 
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Data ALU register 10 DR10 


Memory Address 1 CE8 Attributes W-F Reset Value XXXX XXXXh 


Reserved dr10 


31 730/29 ) 28 27 | 26425) 24] 23 22 | 21) 20 719 p18] 17 16] 15 dd 3 p12) a p10; 9 Pb) Tey SP ay spe yl | 


dr10 <23:0> Data ALU Register 10: DR10 holds a signed 9.15 value in two’s complement notation. 
# For TRAP with Z, the DR10 register holds the green increment value along the X axis. 
» For LINE with Z, the DR10 register holds the green increment value along the major 
axis. 


Reserved Reserved: Writing has no effect. 
<31:24> 


Data ALU register 11 DR11 


Memory Address 1CEC Attri butes W-F Reset Value XXXX XXxXh 


Reserved dr11 


3130/29) 28 )27 | 26) 25) 24] 23) 22 | 21) 20 [19 p18 p27 26 ] 15 04 | 13 | 12 ufinlalaly of i) 2/1) 0 


dri11 <23:0> Data ALU Register 11: DR 11 holds a signed 9.15 value in two’s complement notation. 
® For TRAP with Z, the DR11 register holds the green increment value along the Y axis. 


. For LINE with Z, the DR1 1 register holds the green increment value along the diagonal 


axis. 


Reserved Reserved: Writing has no effect. 
<31:24> 
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DR12 Data ALU register 12 


Memory Address 1CFO Attributes W-FD Reset Value XXXX XXXX h 


Reserved dr12 


31, 30 29 28 27 26 25 24 23/22) 21 20 19 18 17 16 15 14/13) 12 11 10 9 8/7 6 5,/4/3 2 1/0 


dr12 <23:0> Data ALU Register 12: DR12 holds a signed 9.15 value in two’s complement notation. 


® For TRAP with Z, the DR12 register is used to scan the left edge of the trapezoid for 
the blue color (Gouraud shading). This register must be initialized with its starting blue 
color value. 


. For LINE with Z, the DR12 register holds the blue color value for the currently drawn 
pixel. This register must be initialized with the starting blue color. 


Reserved Reserved: Writing has no effect. 
<31:24> 
DR13 Data ALU register 13 
Memory Address 1 CF4 Attributes W-FD Reset Value XXXX XXXX h 
Reserved dr13 


31 30/29 | 28] 27) 26) 25) 24) 23) 22) 21| 20| 19 18 | 17/16 | 15/14 | 13) 12; 11/10) 9) 8) 7/6; 5; 4; 3) 2/1) 0 


dr13 <23:0> Data ALU Register 13: DR13 holds a signed 9.15 value in two’s complement notation. 


. The DR13 output is used as the current blue value. Because intensity should never be 
negative, a negative value is interpreted as an overflow and data is saturated before 
being used. 


. For TRAP and LINE with Z, the DR13 register holds the blue color value for the 
currently drawn pixel. This register does not need to be initialized. 


Reserved Reserved: Writing has no effect. 
<31:24> 
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Data ALU register 14 DR14 


Reset Value XXXX XXXX h 


Memory Address 1CF8 Attributes W-F 


Reserved dr14 


16 )15 1d} 13) 12] 71079) 8) 7) 67 5 


31/30/29 28427 | 26) 25) 24 | 23 22] 21420 | 19 418 | 17 


dr14 <23:0> Data ALU Register 14: DR14 holds a signed 9.15 value in two’s complement notation. 
» For TRAP with Z, the DR14 register holds the blue increment value along the X axis. 
. For LINE with Z, the DR14 register holds the blue increment value along the major 


axis. 


Reserved Reserved: Writing has no effect. 


<31:24> 


Data ALU register 15 DR15 


Reset Value XXXX XXXX h 


Memory Address 1 CFC Attributes W-F 


Reserved dr15 


14 }13 12; 0 flO; 9) 8) 7) 6 PSP 4] syPr2zd yo 


31730 )29 28) 27 | 26) 25 | 24) 23 (22) 21420 19 418 | 1706 | 15 


dr15 <23:0> Data ALU Register 15: DR15 holds a signed 9.15 value in two’s complement notation. 
. For TRAP with Z, the DR1S5 register holds the blue increment value along the Y axis. 
. For LINE with Z, the DR 15 register holds the blue increment value along the diagonal 


axis. 
Reserved Reserved: Writing has no effect. 
<31:24> 
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VRAMPAGE VRAM Page 


Memory Address 1E00 Attributes R/w Reset Value XXXX XXxXXh 


Resewed 
(reads all O's) srcylin 


] 


ba 30 29 2p ay 46 $5 24 3 24 24 2p 29 Je Anis 15 Ja 0312 14.14 918) @ 5/43 2 30 


srey lin SouRCe LINear Y coordinate: Represents the linearized Y coordinate when accessing the 
<23:0> VRAM window memory region. 

SrcYLin = Y x (byte pitch) 

where byte pitch = (# pixels/line) x ( # bytes/pixel) 


This register must be loaded with a multiple of 32 (the five LSB = 0). The five LSB of 
this register are always read as zero. 


During VRAM read or write direct access, the address that is used by the VRAM is 
generated from srcylin and the host address bits <12:2>. 


The figure below illustrates how vaddr (the VRAM address) is generated. The *A’ 
variable represents bits 23:5 of the VRAMPAGE register, ‘B’ represents host address bits, 
and ‘C’ is the result of the addition of A and B, aligned as shown below. 


srcylinfieldof 
VRAMPAGE Register A 00000 


Host Address | B 0 0 | 


VRAM Address C 00 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<31:24> 
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Byte Accumulator Data BYTACCDATA 


Memory Address 1iE08 Attributes R Reset value XXXX XXXXh 


byteaccdata 
| | 


h 30 . f bn sf of 2 | he 19/18 17 16} 1524 f13 ]12] 11 109 78 | 7 76 75 74 fd fe yl yo 


byteaccdata BYTE ACCumulator DATA: This register is used for test purposes only. 


<31:0> 
Address Generator ADRGEN 
Memory Address 1E0C Attributes R Reset value XXXX XXXXh 


addruendata 


1 w as a a7 a6fas 2 pa a2 x 209 a8 ant 54 13 y12] 11 (10) 9 }8 | 776 75 74 73 p2 fl jo 


addrgendata ADDRessGENerator DATA: This register is used for test purposes only. 
<31 :0> 
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FIFOSTATUS BUS FIFO status register 


Memory Address 110 Attributes R Reset value 21XX 0220h 


Reserved (reads all Os) 


addrgenstat byteaccaddr 


S fifocount 
fossa | 


31 /30 [29 | 28 |27 | 26|25 |24 | 23 \22 |21 20 /19 |18 |17 /16 )15 14 |13 | 12/11 |10)9)8 | 7/6)/5)4)/3\;2)1)0 


fifocount FIFO COUNT: Indicates the number of free locations in the Bus FIFO. On reset, the Bus 
<5:0> FIFO is empty (there are 32 locations available). The readback path is protected so that a 
valid count is always read. 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 

<7:6> 

bfull Bus FIFO FULL flag: When set to ‘1’, indicates that the Bus FIFO is full. 
<8> 

bempty Bus FIFO EMPTY flag: When set to ‘1’, indicates that the Bus FIFO is empty. 
<9> 

Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<15:10> 


byteaccaddr BYTE ACCumulator ADDRess: This field is used for test purposes only. 
<22:16> 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<23> 


addrgenstate ADDRess GENerator STATE: This field is used for test purposes only. 
<29:24> 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<31:30> 
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Status reqister STATUS 


Memory Address 1E14 Attributes R Reset value 0000 000xh 


bferrists 
<0> 


dmatcists 
<I> 


pickists 
<2> 


vsyncsts<3> 


Reserved 
<7:4> 


byteflag 
<11:8> 


Reserved 
<15:12> 


dwegengsts 
<16> 


Reserved 
<31:17> 


wn” 
ce) ho 
Reserved (reads all 0s) Be g ra 
SS ES 
Reserved (reads all Qs) byteflag Sass 
I I Ut (iro 


= —dwgengsts 


~ 
<a 
ul 
iS 
[o) 
AD 
- 
[=] 


7 16 15 /14/13) 12 11 10 9/8 


31 30 : 28 27 26 25 24 23 |22| 21 20 19 


Bus FIFO ERRor Interrupt STatuS: Bus FIFO error flag. When set to ‘1’, indicates that a 
cycle may have caused a timeout error. 


This status bit is set when an access to any device other than the VGA frame buffer 
causes a wait that lasts more than 64 gclks. If the wait lasts 128 gclks, the cycle is 
aborted. This status bit may be used by software during the debugging cycle as a problem 
indicator. 


DMA Terminal Count Interrupt STatuS: When set to ‘1’, indicates that a DMA Terminal 
count has occurred. If DmaTc interrupt is enabled, DmaTcists is activated by a valid 
Terminal count, and held until it is cleared through the ICLEAR register’s dmatcclr bit. 


PICKing Interrupt STatuS: When set to ‘1’, indicates that a picking interrupt has occurred. 
This bit is cleared through the pickiclr bit. 


VSYNC STatuS: Set to ‘1’ during the VSYNC period. This bit follows the vsync signal. 


Reserved: Writing has no effect. Reading will give 0’s. 
BYTE FLAG: This field is used for test purposes only. 


Reserved: Writing has no effect. These bits return all zeroes when read. 


DraWinG ENgine STatuS: Set to ‘1’ when the drawing engine is busy (that is, when there 
is something in the bfifo, afifo, actl, or mctl — other than refresh, data transfer, or a direct 
access). 


Reserved: Writing has no effect. These bits return all zeroes when read. 
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ICLEAR Interrupt Clear register 


Memory Address 1E18 Attributes Ww Reset value 0000 0000 h 
Ss 
sL2e 
SES 

Reserved (reads all Os) ses 
| | 


= 7 
N 
=) 
° 


31) 30 29 28 27 26 25 (24 | 23) 22 21 20 19 18 11736 15 3 12 11/1098 7654 


bferriclr Bus FIFO Error Interrupt CLeaR: Writing a ‘1’ to this bit clears the bferror interrupt 

<0> status flag. Writes to this field are glitch-free. 

dmatciclr DMA Terminal Count Interrupt CLeaR: Writing a‘ 1’ to this bit clears the dmatc interrupt 

<I> status flag. Writes to this field are glitch-free. 

pickiclr PICKing Interrupt CLeaR: Writing a ‘1’ to this bit clears the picking interrupt status flag. 

<2> Writes to this field are glitch-free. 

Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 

<31:3> 

IEN Interrupt Enable register 
Memory Address 1EiC Attributes R/w Reset value 0000 0000 h 


< c 
sses 
: SSE So 
Reserved (reads all O’s) > ac 5 
fe a AI. ile 
31 |30 (29 | 28 | 27 | 26 | 25 | 24 | 23/22 |21 | 20 19 | 18 |17 /16 | 15 14 13 | 12/11 )10|9 |8}7)6)5)4)3/2 0 
bferrien Bus FIFO Error Interrupt ENable: When set to ‘1’, enables interrupt if a Bus FIFO error 
co> occurs. Writes to this field are glitch-free. 
dmatcien DMA Terminal Count Interrupt ENable: When set to ‘1’ , enables interrupt if a DMA 
<I> terminal count occurs, with DmaAct set. Writes to this field are glitch-free. 
pickien PICKing Interrupt ENable: When set to ‘1’, enables interrupt if a picking interrupt occurs. 
<2> Writes to this field are glitch-free. 
vsyncien VSYNC Interrupt ENable: When set to ‘1’, enables interrupts from the VGA when in 
<3> Power Graphic mode (vgaen = 0). Writes to this field are glitch-free. 
Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<31:4> 
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Interrupt Status INTSTS 


Memory Address 1£28 (MEM PCI) Attributes r/w 
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b 


Reserved 
<31:9> 


vgainten 
<8> 


Reserved (reads all 0’s) Reserved 


— as ™|§_ ss 


— vgainten 


| 


— eirgsts 
— tirqsts 


a1 30 29 ip 27 26 25 24 24 22 21 20 i 18 |1716 5 13 (12/11 


abl 


= 
© 
iC-) 
= 
i=) 


«Note that this register only exists in the PCI configuration. 


This field is always read as OOOOh. 


This bit indicates whether or not the VGA interrupt is enabled. As the other internal 
ATHENA interrupt, VGA interrupt status is available on tirqsts. 


. 0: VGA interrupts are disabled 
» 1: VGA interrupts are enabled 


Reserved<7:2>This field is always read as 0000h. 


eirgsts<1> Indicates when read as ‘ 1’ that an external interrupt has occured. This status is set when 
an edge is detected on the eirqN pin. 
A read to this bit accesses its value normally. A write, however, is slightly different in that 
the bit can be reset, but not set. This bit is reset whenever the register is written, and the 
data in the corresponding bit location is 1. 
tirqsts<0> Status of the tirq pin. When 0, indicates that the source of the interrupt on INTA is from 
the ATHENA chip. 
Reset RST 
Memory Address 1E40 Attributes R/W Reset value 0000 000Q h 
@ 
” 
2 
6 
Reserved (reads all O’s) a 
| 
31/30 2 2 27 26 25 24 23 (22,21 20 1 i ine ro ‘ 13 12 11 109 ; 1 615 4 : 2\1 0 
softreset SOFT RESET: When set to ‘1’; resets all host register bits, except those which are hard 
<0> reset only. The soft reset signal is synchronous on gclk, and takes place at the end of the 
write cycle. On the next read, all concerned bits will be reset. 
A ‘0’ must be programmed to remove the softreset. Writes to this field are glitch-free. 
Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<31:1> 
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TEST 


Test 


Memory Address 1E44 (mem) 


Attributes R/W- staric Reset Value 


Reset Value 0000 0000 0000 0000 0000 OOHO 0000 0000 b 


vgatest 
<0> 
R/(W) 


ramtest 
<l> R/(W) 


Reserved 
<7:2> 


robitwren 
<8> RO 


testwren 
<9> RO 


Reserved 
<31:10> 
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Cc 
o © Be 
== 22 
£5 Reserved “E@ 
Reserved (reads all O’s) £& © (reads all Os) S& 
Ih se ee tela 


=> 


hsb for rar fafa ub fof 15 14 13 j12 JM) 0] 9 (8 | 776 75 74 73 72 yt 


VGA TEST bit: This bit is used for test purposes, and should always be set to zero for 
normal operation. Writes to this field are glitch-free. 


RAM TEST bit: Reset to ‘0’. This bit is used for test purposes, and should always be set 
to zero for normal operation. Writes to this field are glitch-free. 


Reserved: Writing has no effect. These bits return all zeroes when read. 


Read Only BIT WRite ENable: When set to ‘1’, enables write to the mapsel<2:0>, isa, 
pci, and abovelmeg bits. Writing ‘10001101’ to byte 3 of the TEST register will set 
robitwren to ‘1’ . Writing values other than ‘ 10001101’ will reset the bit to ‘0’. 


TEST WRite ENable: Sampled (inverted) at hard reset on VD<38>. In functional mode, 
VD<38> must always have an external PU. In order to place the ATHENA in ramtest or 
vgatest mode on the tester, VD<38> should be driven low during the reset vectors. This 
way, testwren will be active after the reset, and the ramtest, raml, and vgatest test bits 
may be written to enable the appropriate test mode. Since testwren is read-only, the test 
bits can’t be modified in functional mode. 


Reserved: Writing has no effect. These bits return all zeroes when read. 
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Revision REV 


Memory Address 1E48 (MEM) Attributes R - STATIC Reset value A268 1702h 
Reset Used X 


titan id chiprev 


1 fib 28 27 1 so af 21 420 J19 18 j17 26 725 (4 jl3 12 fl 1079 | 8 776 75 74 [3 Fe yl fo 


chiprev CHIP REVision code: Read value is Olh. This value will change if there are any chip 
<6:0> revisions. 


athena id ATHENA IDentification: This field provides a fixed non-zero identification. It may be 
<31:7> used to help locate the MGA when the value of mapsel is unknown to the software. 


Since MGA ATHENA is part of the same family as the MGA TITAN chip (a precursor of 
ATHENA), and in order to make software programming easier, the same ID is used for all 
MGA chips. ATHENA can be differentiated from the TITAN and ATLAS chips by the 
chip revision number. The data is the 5-bit ASCII code for the name “TITAN”. 
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CONFIG Configuration 


Memory Address 1550 (MEM) Attributes R/W 
Reset Value 000H HHHH 0000 0000 OOOH OHHH OOOH OOHHb 


an 
oO 
Reserved (reads all O’s) 3 ee 
DADS gy N 
| o @lc§ Sen 8 =o 
ao) SS D8ORDO 5S GZE 
Qa. OSGBo228 GD HO & 
ca) | >< 25 O=HEDD FC ES 8 
2 S& mapse ; A) oY Sa tTetYHe ¢ EN S 
1 df | Pt to otod 1 | 
si|3q 24 ab a7 46 ps palzs|2q 24 ap a0 de hie doih 13 12 13 hole B 46.5 43.21 


“ Note: In order to respect the Tr24 timing, software must wait after accessing this 


register. Only byte accesses should be made to this register. 


config CONFIGuration bits: Sampled on reset, this field assumes the external strapping 
<1:0> configuration value. The reset value can be overwritten. Writes to this field are glitch-free 
R/W Note that only byte access (byte 0) is permitted for modification of the config bits. 


Bit 1 is used as the narrow decode configuration bit. When ‘1’, mcsl6N is a decode based 
on ISA bus addresses LA<23:17>, which represents a 128K range. When ‘ 1’ , mcs 16N 
will also depend on SA<16:14>, which represents the narrow decode of the 16K MGA 
space and 32K ROM space. No mcs16N sampling is supported. 


The VGA frame buffer and IO port are always 8-bit devices. 


The configuration determines whether ATHENA’s resources are 8-16- or 32-bit devices, 
according to the tables which follow. 


biosen | config<1:0> BIOS mcesl6N | ex32N 

0 xx No decode | | 

| 00 8 | I 

01 16 0 | 

10 Reserved | | 

ia 16 narrow 0 | 

isa | mapsel | vgaen | config<1:0> MGA mcesI6N | ex32N 

0 000 Xx xx No decode | | 
001 0 x X 32 narrow l 0 
001 l xX X 8 | | 
010-111 x XX 32 narrow | 0 


X = ‘don’t care’ 


@ 3 Note: 


PCI configuration, these bits must be set to ‘00’. 


Refer to Section 3.6.3 to determine the reset value of config<1:0>. 
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Only byte accesses (byteO) are permitted for modification of these bits. In the 
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Configuration (continued) CONFIG 


200MHz<2> 200 MHz function. A strap exists on the RESET configuration bus to identify boards that 
are capable of functioning with a pixel clock of up to 200 MHz. This strap is read from 
VD<48> at reset. This bit must be read by software, inverted, then loaded into 
CONFIG<2>. It is interpreted as follows: 


200MHz 


Board supports 200 MHz operation 
Board only supports regular (135 MHz-l 70 MHz) operation 


misc<3> MISCellaneous bit: Reserved for future use. This field has no definition. This is a 
R/W multi-purpose software bit. 


Refer to Section 3.6.3 to determine the reset value of this bit. 


nodubic<5:4> These bits indicate the presence of a DUBIC chip and whether or not external 

R/W multiplexers are used. CONFIG<4> is sampled from VD<50> and inverted on reset. 
CONFIG<S5> is cleared to zero on reset, and must be read from VD<49>(DST1<17>), 
inverted, then loaded into this bit. Writes to this bit are glitch-free. 


nodubic | Meaning 


00 DUBIC present (TITAN-compatible) 


01 No DUBIC present. ATHENA controls VRAM and RAMDAC directly 
(external multiplexers are required on VRAM serial outputs). 


10 Reserved 


ll No DUBIC present. ATHENA controls VRAM and RAMDAC directly 
(external multiplexers are not used). 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 

<7:6> 

driverdy DRIVE channel ReaDY: Sampled on reset, this bit assumes the external strapping 
<8> RO configuration value. The reset value can’t be overwritten. All interrupts should be 


disabled when writing to this bit. 


This field determines how the CHRDY/ signal is generated: 


Value Meaning 


0 The CHRDY signal output is tri-stateable, and the CHRDYEN/ 
enable signal is a delayed version of CHRDY. 


| The CHRDY signal is always driven by ATHENA, and an 
external tri-state buffer is required. 


In the PCI configuration, this bit must be set to ‘1’. Refer to Section 3.6.3 to determine 
the reset value of this bit. 
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CONFIG 


Configuration (continued) 


biosen 
<9> R/W 


vgaen 
<10> R/W 


levelirg 
<li> R/W 


abovelmeg 
<12> R/(W) 


BIOS ENable: Set to ‘ 1’ on reset if vgaen is sampled active (‘ 1’). The reset value can be 
overwritten. When set to ‘1’, the VGA BIOS is enabled. 


Note that the BIOS can be enabled separately from the VGA I/O and the frame buffer. 
This way, the board that boots as the VGA device can always keep its BIOS active if 
desired. Also, there can always be a BIOS active, even when there’s no active VGA 
(except at boot-up). All interrupts should be disabled when writing this bit. 


VGA ENable: Sampled on reset, this bit assumes the external strapping configuration 
value. The reset value can be overwritten. All interrupts should be disabled when writing 
this bit. Writes to this field are glitch-free. 


Meaning 


0 VGA is disabled 
| VGA is enabled 


Refer to Section 3.6.3 to determine the reset value of this bit. 


LEVEL Interrupt Request: This bit is used to select between a positive edge triggered or a 
level-sensitive interrupt. 


. When ‘0’ (hard reset value), ATHENA produces a positive edge interrupt. 
. When set to ‘1’, ATHENA produces a negative level interrupt. 
See Section 3.2.6 for more details about ATHENA’s interrupts. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. All interrupts 
should be disabled when writing this bit. 


Mapped ABOVE | MEG: Sampled on reset, this bit assumes the external strapping 
configuration value. 


For test purposes, this bit can be modified by a write. To do this, the robitwren bit from 
the TEST register must be set to ‘1’ . All interrupts should be disabled when writing this 
bit. Writes to this field are glitch-free. 


Refer to Section 3.6.3 to determine the reset value of this bit. 
. When above | meg is active (1): 


a decodeN<1> may be used to decode any address bits down to bit 20. It should be 
active when la<31 :20> (or just la<23:20> on an ISA machine) decodes the MGA 
range. 


a decodeN<0> should be tied to ‘0’ in an ISA machine. In other systems, it should be 
active when lac3 1:24>=00h is decoded. 
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Configuration (continued) CONFIG 


Reserved 
<15:13> 


expdev 
<16> R/W 


Reserved 
<23:17> 


mapsel 
<26:24> 
R/(W) 


. When above | meg is inactive (0): 
a decodeN<1> and decodeN<0> should be tied to ‘0’. 
In the PCI configuration, this bit must be set to ‘0’. 


Reserved: Writing has no effect. These bits return all zeroes when read. 


EXPansion DEVice: This bit affects EXPSL/. On power up, software must read the 
external strapping value in the destination register, and set this bit properly. 


This field is considered semi-static. It should be written to only when necessary. When 
written, it may glitch or pass through an intermediate value, even when rewriting the 
same value. This field indicates the availability of external expansion devices: 


Value Meaning 


0 No expansion device is available 


| Expansion device is accessible 


Refer to Section 3.6.3 to determine the reset value of this bit. 


Reserved: Writing has no effect. These bits return all zeroes when read. 


Sampled on reset, this field assumes the external strapping configuration value. The 
mapsel field determines the base of the MGA address map. For more details, see Chapter 
4, Writes to this field are glitch-free. 


For test purposes, mapsel<2:0> can be modified by a write. To do this, the robitwren bit 
from the TEST register must be set to ‘1’. 


Refer to Section 3.6.3 to determine the reset value of these bits. 
. MAPSEL] should only be used if you boot in VGA mode 


. MAPSELO can be used if you boot in VGA mode for system debugging. In this mode, 
MGA is not mapped. But you may still boot and configure your system using the VGA 
display. 


In the PCI configuration, these bits must be set to ‘010’. 


PCI Bus Identification: Sampled on reset, this bit assumes the external strapping 
configuration value. It is used in conjunction with the isa field to determine the current 
host interface type. 


To write this bit, the robitwren bit in the TEST register must be set to * 1’. Writes to this 
field are glitch-free. 


Refer to Section 3.6.3 to determine the reset value of this bit. 
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CONFIG Configuration (continued) 
isa<28> ISA Bus Identification: Sampled on reset, this bit assumes the external strapping 
R/(W) configuration value. This bit is used in conjunction with the pci field to determine the 
current host interface type. 
To write this bit, the robitwren bit in the TEST register must be set to ‘ 1’. Writes to this 
field are glitch-free. 
isa pci Bus Type 
0 0 Reserved 
0 | PCI Bus 
| 0 ISA Bus 
| | Reserved 
Refer to Section 3.6.3 to determine the reset value of this bit. 
Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<31:29> 
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Operating mode CO PMODE 


Memory Address 154 Attributes R/W 
Reset val ue00000000000000000000 H000 0000 0000 b 


pseudodma 
<0> R/W 


dmaact 
cl> R/W 


dmamod 
<3:2> R/W 


nowait 
<4> R/W 


Reserved (reads all O's) 


re] 
a. 

ole = 

> ZIEG Bs8 

oa 2. o | 2 2 =E gs 

x Oo 2 |_22 S Ge oz 

os Ss m |O°eo o F&F EG 

Sas = fom rfhent S /EE £eDU oa 

|| | | I Il---1 1 pial 

31/30 |29| 28] 27 26 2 3 22 21 |\20/19| 18 17 1 3 112 /11/10|9 6|5 421 | 


“ Note: In order to respect the Tr24 timing, software must wait after accessing this 
register. Only byte accesses should be made to this register. 


PSEUDO DMA: When set to ‘1’> the VRAM window becomes a DMA access port. This 
will allow movestring access to the Bus FIFO. In order to start a new Pseudo DMA 
sequence, this bit and dmaact must be ‘O’, dmamod must be initialized, then, in a separate 
access, this bit should be set to ‘1’. 


Writes to this field are glitch-free. 


DMA ACTive: When set to ‘1’, indicates the beginning of a DMA transfer. This bit is 
reset to ‘0’ automatically, when the DMA terminal count (TC) is sampled active. 


Once set to ‘1’: only a DMA terminal count, a hard reset, or a soft reset will return dmaact 
to ‘0’. Writing a ‘0’ to this bit will have no effect. In order to start a new DMA sequence, 
this bit and pseudodma must be ‘O’, dmamod must be initialized, then, in a separate 
access, this bit should be set to ‘1’. 


Writes to this field are glitch-free. 


DMA MODe: There are four DMA or Pseudo DMA transfer modes on the ATHENA, 
selected through the DmaMod bits. These bits must be programmed before starting DMA 


or Pseudo DMA transfer. The dmaact and pseudodma bits must be ‘0’ before modifying 
these bits. 


dmaMod<1:0>| DMA | PSEUDO DMA _|DMA transfer mode description 
00 Yes Yes DMA General Purpose Write 
01 Yes Yes DMA BLIT Write 
10 Yes Yes DMA Vector Write 
1 Yes DMA BLIT Read (DUMP) 


Writes to this field are glitch-free. 


NO WAIT: This bit is used to select between: always adding waits (0); and only adding 
waits when necessary (1). 


When ‘0’ (the reset value), ATHENA will automatically generate wait states on all 
accesses to the board. Normally, this bit should be set to ‘ 1’ by software so as not to 
unnecessarily deteriorate the performance. 


This feature may be used to help prevent problems in AT clones and compatibles that 
have bus speeds above 8.33 Mhz. Software should provide a configuration mechanism so 
that the bit may remain inactive in problem systems. Writes to this field are glitch-free. 
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OPMODE Operating mode (continued) 


Automatic wait mechanism 


Some devices decoded by ATHENA do not require any additional wait states. An 
automatic wait mechanism has been implemented in ATHENA for the case of devices that 
may not follow the speed of some rapid systems. 


When the automatic wait is required (nowait = ‘O’), the bus will be put into wait for an 
equivalent time of 100 ns to 125 ns when an access to some devices is decoded. 


These devices are: 
» Drawing registers (read and write to offset range 1COOh-1DFFh) 
. Host registers (read and write to offset range 1E00h - 1EFFh) 


. Pseudo-DMA window (read and write to offset range OOOOh -1BFFh, with vgaen = 0 
and pseudodma = 1) 


= VRAM direct write (write to offset range OOOOh -1BFFh, with vgaen = 0 and 
pseudodma = 0) 


Note: Some devices do not use automatic wait because they’re already using wait states 
in normal operation. These devices are: 


» BIOS ROM 

» VRAM direct read 

» VGA frame buffer read and write 

. External devices read and write, I/O or memory 


» VGA register in the Power Graphic mode memory space (read and write to offset range 
1FOOh - 1FFFh, with vgaen = 0) 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<7:5> 


mouseen MOUSE ENable: When set to ‘I’, this bit enables mouse decode for the DUBIC chip. 
<8> R/W The mousemap field should be programmed at the same time as this field, so the 
appropriate map will be selected when the decode is enabled. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. 


mousemap MOUSE MAP: When mouseen is active (‘ 1’) and mousemap=0, the mouse port is 
<9> R/W decoded in I/O space at 23Ch-23Fh. 


When mouseen is active and mousemap=l, the mouse port is decoded in I/O space at 
238h-23Bh. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<10> 
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vgabank0 VGA BANK 0: Sampled on hard reset, this bit assumes the external strapping 
<li>R/W configuration value. During hard reset, the control signal derived from this register bit is 
forced to guarantee the reset path to the VGA straps which come from the vd bus. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. When 
fbm = 3, vbankO should be set to 0 (Bank 2). 


Loe Boot in Bank 2 
Boot in Bank 0 


Refer to Section 3.6.3 to determine the reset value of this bit. 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 

<15:12> 

rfhent ReFresH CouNTer: This field defines the rate of VRAM/DRAM refresh requests. 
<19:16> 

R/W Program (round the fraction to the nearest integer): 


rfhcnt = RAM refresh period uS x clock-frequency Mhz / 64. 
For a typical 40Mhz system, a value of 9 is programmed in rfhent. 
rfhent = 15.625 US x 40 Mhz / 64. 


During the reset period, the refresh request is continuously forced to its inactive state so 
that no VRAM activities will occur. By maintaining the reset low for 200 US, a proper 
VRAM initialisation will occur (valid for power up or after a VRAM error). 


Writes to this field are glitch-free. 


fbm Frame Buffer Mode: This field specifies the mode used to draw in the frame buffer. The 
<23:20> modes are used to generate all xRAM control strobes and addresses. For more 
R/W information about frame buffer mode, refer to Section 3.2.1. 


Writes to this field are glitch-free. 


hyperpg HYPER PaGe: On power up, software must read the external strapping value in the 
<25:24> destination register (DST1), and set this bit accordingly. 
R/W 
hyperpg<1:0> 
dmaMod<1:0>| Mnemonic | Operation 

00 NOHYPER |NO HYPER-PAGE (default) 

01 SELHYPER |HYPER-PAGE on 256Kx8 SECTIONS (Bank = 2, 3, 4) 

10 ALLHYPER ALL HYPER-PAGE 

ll - Reserved 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. Writing this 
field may cause spurious errors. It should only be written during the product 
configuration process. 
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OPMODE Operating mode (continued) 


These bits are read from VD<52:51> during reset. Software must read these bits from 
DST1<20:19> and load them here. 


tram <26> Type of VRAM: The tram field is used by the CRTC for data transfer request generation. 

R/W Specifies the type of 256Kx? VRAM used for Banks 2, 3, and 4 (note that all banks 
should have the same type of VRAM). On power up, software must read the external 
strapping value in the destination registers (DSTO, DST1), and set this bit accordingly. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. Writing this 
field may cause spurious errors. It should only be written during the product 
configuration process. 


Value Meaning 
0 256K x 16 (SAM = 256) 
l 256K x 4 or 256K x 8 (SAM = 512) 


Read from VD<54> during reset. Software must read this bit from DST1<22>, invert it, 
then load it here. 


block8/<27> This field indicates VRAM support for 8-bit block transfers. The value is read from 
VD<19> at reset. Software must read this bit, invert it, then store it in OPMODE<27>. 
The strapping values are as follows: 


Value Meaning 


0 4-bit block mode is supported 
| 8-bit block mode is supported 


Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<31:28> 
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CRTC Control 


CRTC_CTRL 


Memory Address 1ESC (MEM) 


Attributes 


R/W - STATIC 


Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b 


crtcbpp 
<1:0> 


alw <2> 


interlace 
<4:3> 


videodelay 
c 10,9,5> 
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Reserved (reads all O’s) 
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CRTC Bits Per Pixel: Specifies the number of bits per pixel for the video. Writes to this 
field are glitch-free. 


crtcbpp _\Number of bits 
00 8 
01 16 
10 32 
ll Reserved 


Automatic Line Wrap: Specifies that the video is in automatic line wrap. If set to 0, the 
video is in non-automatic line wrap. If set to 1, the video is in automatic line wrap. Writes 
to this field are glitch-free. 


INTERLACE: Indicates interlace mode and pitch. Writes to this field are glitch-free. 


interlace<1:0> 


Mode 


Non interlaced 


Interlace : pitch = 768 (768 and 640) 
Interlace : pitch = 1024 (800 and 1024) 


ll Interlace : pitch = 1280 (1280) 


VIDEO DELAY Specifies the delay in the dtrequest module between the CRTC signals 
and the delayed signals sent to the VCTL. The delay must respect three constraints which 
are described at the end of Section 3.2.5.5. Writes to this field are glitch-free. 


000 
001 
010 
O11 
100 
101 
llx 


videodelay<2:0> De lay 


§ vidclk 
11 vidclk 
24 vidclk 
28 videlk 

3 videlk 

4 vidclk 


Reserved 
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CRTC_CTRL CRTC Control (continued) 


hrsten HoRizontal video ReSeT ENable: When set to 1, the horizontal counter of the CRTC can 
<6> be reset by the VIDRST pin. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. 


vrsten <7> Vertical video ReSeT ENable: When set to 1, the vertical counter of the CRTC can be 
reset by the VIDRST pin. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. 


vesafeat <8> Activates the extra memory page select bit. Used in VGA mode by the VESA driver to 
reduce the first memory access window from 64K to 32K. 


This field should be written to only when necessary. When written, it may glitch or 
pass through an intermediate value, even when rewriting the same value. 


vscale Video clock pre-SCALing: 
<17:16> 


These bits are used to specify a pre-scaling factor to the clock that is sent to the CRTC. 
Writes to this field are glitch-free. 


nodubic vgaen 


syncdel SYNC DELay: These bits specify the delay that is to be added to the horizontal and 
<19:18> vertical sync. The syncdel field has no effect when a DUBIC chip is present, since 
HSYNC/ and VSYNC/ are not generated by ATHENA. Writes to this field are glitch-free. 


vgaen syncdel /Delay added to HSYNC. and VSYNC/ 
0 X | (bypass) 
| 0 1 (bypass) 
2 
4 
8 
l | (bypass) 
Reserved Reserved: Writing has no effect. These bits return all zeroes when read. 
<31:20, 
15:11> 
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5.3 VGA Mode Register Descriptions 


CRTC Address (CRT Controller Register) 


Memory Address Mono IFB4 Color 1FD4 VO Address Mono 3B4 Color 3D4 


CRTC register index address 7:0 


i || ari) oe ae 2 1 | 0 


D7-D0 CRTC Register Index Address 
These bits select which CRTC register is to be accessed. 


Horizontal Total (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 00 


Horizontal total 7:0 


7 6 5 4 3 2 10 


D7-D0 Horizontal Total 
These bits define the total number of characters, minus five, in the horizontal scan 
interval including retrace time. The horizontal period is Ty = (RO+5) x Tc; where RO is 
the contents of this register, and Tc is the period of the input character clock. 


Horizontal Display Enable End (CRT Controller Registers) 


Memory Address Mono IFB5 Color IFD5 VO Address Mono 3B5 Color 3D5 Index 0! 


Horizontal displayed characters 7:0 


| 6| 5] «4 3 2 10 


D7-D0 Horizontal Displayed Characters 
These bits define the length of the horizontal display period. This period is equal to 
(R1+1) x Tc; where R1 is the contents of this register, Tc is the period of the input 
character clock, and providing R1 is less than RO. 
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(CRT Controller Registers) Horizontal Blanking Start 


Memory Address Mono 1FB5 Color 1FD5 


I/O Address Mono 3B5 Color 3D5 Index 02 
Horizontal blank start pos. 7:0 
| 
7| 6| 5 3} 2 10 


D7-D0 Horizontal Blank Start Position 
The value of this register determines when the horizontal component of the blanking 


signal becomes active. This component goes high at time (R2+1)x Tc after the start of a 
horizontal cycle; where R2 is the contents of this register, Tc is the period of the input 
character clock, and providing R2 is less than RO. 


(CRT Controller Registers) Horizontal Blanking End 


Memory Address Mono 1FB5 Color 1FD5 


VO Address Mono 3B5 Color 3D5 Index 03 
OD — 
® ia) 
e § 
6 82 | 
oc 2 Horizontal blank end pos. 4:0 
itt ar I 
7) 6/ 5 | 3 2 10 
D6-D5 Horizontal Skew Bits 1 And 0 


These bits determine the skew of the display enable signal as follows: 


| p6|D5| Disable Enable Skew | 
0 
0 
l 
1 


Display enable is not delayed 

Display enable delayed by one character clock 
Display enable delayed by two character clocks 
Display enable delayed by three character clocks 


an — eee | 


D4-D0 Horizontal Blank End Position Bits 4 To 0 


These five bits are the least significant bits of a six-bit total which determines the length 
of the active horizontal blanking signal. The sixth bit is located at D7 of the horizontal 
retrace end (Index 05h) register. Horizontal blank end occurs at (using 8-bit math) 

R2+{ [(Horizontal blank end value AND 3Fh) - (R2 AND 3Fh)] AND 7Fh}. 
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Horizontal Retrace Start (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 04 
Horizontal retrace start pos. 
7 | 6 E a 2) | 0 
D7-D0 Horizontal Retrace Start Position Bits 


The value of these bits determines when the horizontal retrace will start. 


Horizontal Retrace End (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 


Index 05 
x > 
= = 
2. 8 
Eo #% 
ox 38 
NO NG 
; ae) , s 3 
2S Lo Horizontal retrace end pos. 4:0 
oe || acne 
u 6). | 4) 3 || il 20 
D7 Horizontal Blank End Position Bit 5 


This is the horizontal blank end position MSB. The first five bits are in the horizontal 
blanking end register (Index 03h). 


D6-D5 Horizontal Retrace Skew Bits | And 0 
These bits determine the skew of the horizontal retrace signal as follows: 


Horizontal Retrace Skew 


Horizontal retrace is not delayed 

Horizontal retrace delayed by one character clock 
Horizontal retrace delayed by two character clocks 
Horizontal retrace delayed by three character clocks 


D4-D0 Horizontal Retrace End Position Bits 4 To 0 


These bits determine the length of the active horizontal retrace signal. The horizontal 


retrace end position occurs at (using 8-bit math) R4+ {[(R5 AND 1Fh) - (R4 AND IFh)] 
AND 3Fh} 
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(CRT Controller Registers) Vertical Total 


Memory Address Mono 1FB5 Color 1FD5 /O Address Mono 3B5 Color 3D5 Index 06 


Vertical total 7:0 


D7-D0 Vertical Total Bits 7 To 0 
These are the low-order eight-bits of the ten-bit vertical total. Bits eight and nine are 
located in the overflow register (Index 07h). Vertical total = Vertical total value+2. 


(CRT Controller Registers) Overflow 
Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 07 
ce 

(o>) rs) foe) 

& a =: oo = a ~ 

o o = > wo} 

oO Oo 

Oe £226 6 Sex 2S 

=¥OQ TF Ss = Oo eno §- 2a sD 5 =_ 

PE tro er oO Ptrtre oe 

oO & ® £ OSDS GED 

Se 25S SSBSELES 

| | | | | 


sl 4 


wo 
ee | 
Dw) 
eset | 
= 
Oo 


me 

D7 Vertical Retrace Start Bit 9: This is bit nine, the MSB of the vertical retrace start register 
(Index 10h). This bit is reserved in EGA mode. 

D6 Vertical Display End Bit 9: This is bit nine, the MSB of the vertical display enable end 
register (Index 12h). This bit is reserved in EGA mode. 

D5 Vertical Total Bit 9: This is bit nine, the MSB of the vertical total register (Index 06h). 
This bit is reserved in EGA mode. 

D4 Line Compare Bit 8: This is bit eight of the line compare register (Index 18h). 

D3 Vertical Blanking Start Bit 8: This is bit eight of the vertical blanking start register (Index 
15h). 

D2 Vertical Retrace Start Bit 8: This is bit eight of the vertical retrace start register (Index 
10h). 

D1 Vertical Display End Bit 8: This is bit eight of the vertical display enable end register 
(Index 12h). 

DO Vertical Total Bit 8: This is bit eight of the vertical total register (Index O6h). 
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Preset Row Scan (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 08 


D6-D5 Byte Pan Bits 1 And 0 
These bits control the byte panning in modes programmed as multiple shift modes. 
D4-D0 Preset Row Scan Bits 4 To 0 


The value of these bits is the first row value at the start of a vertical period. 


Maximum Scan Line (CRT Controller Registers) 
Memory Address Mono 1FB5 Color 1FD5 WO Address Mono 3B5 Color 3D5 Index 09 
[o>] 
> © 
Ss sx 
S32 608 
TS ®D 8 2m 
a : 
Omg Ort 
(= c is] ‘ 
58 5 £% Max. scan line 4:0 
| 


7| 6|5|4 Bl 2e dO 


D7 Line Doubling Enable: This bit is reserved in EGA mode. 
# (: Disables double scan. 


. 1: Enables double scan. 


D6 Line Compare Bit 9 
This is bit nine, the MSB of the line compare register (Index 18h). This bit is reserved in 
EGA mode. 

D5 Vertical Blanking Start Bit 9 


This is bit nine, the MSB of the vertical blanking start register (Index 15h). This bit is 
reserved in EGA mode. 


D4-D0 Maximum Scan Line Bits 4 To 0 
These bits specify the number of scan lines in a character row. 
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(CRT Controller Registers) 


Cursor Start 


Index OA 


Memory Address Mono 1FB5 Color 1FD5 WO Address Mono 3B5 Color 3D5 

2 
a 
s © 
2 . 8 = 
ree 8 
<= ® = 

Oe ac O Cursor start row scan 4:0 
| | | 

| ql 6 |] 5 4 3 2 1 0 


D7 


D5 


D4-D0 


CRTC Test Enable 
» 0: Disables the CRT test circuitry. 


» 1: Enables the CRT test circuitry if bit D7 of the extended function register, 3DFh 


Index 01, is also 1. 
Cursor Disable. This bit is reserved in EGA mode. 
» (0: Turns the cursor on. 
» 1: Turns the cursor off. 


Cursor Start Row Scan Bits 4 To 0 
These bits specify the row scan of a character line where the cursor is to beg 


(CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 I/O Address Mono 3B5 Color 3D5 


in. 


Cursor End 


Index OB 


D6-D5 


D4-D0 
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Cursor skew 
1:0 


Cursor end row scan 4:0 


— Resered 


N 
“Nn 
nn 


Cursor Skew Bits 1 And 0 
These bits determine the skew of the cursor signal as follows: 


D6 DS Cursor Skew 


0 0 | Cursor signal is not delayed 
0 1 
| Q | Cursor signal delayed by two character clocks 
1 1 


Cursor signal delayed by one character clock 


Cursor signal delayed by three character clocks 


Cursor End Row Scan Bits 4 To 0 


These bits specify the row scan of a character line where the cursor is to end. 
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Start Address High (CRT Controller Registers) 


Memory Address Mono 1FBS5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 0c 


Start address 15:8 


D7-D0 Start Address Bits 15 To 8 
These are the eight MSB’s of the 16-bit start address of the screen buffer. 


Start Address Low (CRT Controller Registers) 
Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index OD 


Start address 7:0 


7 6 5 4 3 2 10 


D7-D0 Start Address Low Bits 7 To 0 
These are the eight LSB’s of the 16-bit start address of the screen buffer. 


Cursor Position High (CRT Controller Registers) 
Memory Address Mono IFB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index OE 


Cursor address 15:8 


10 


7 6 5 4 3 2 


D7-D0 Cursor Address Bits 15 To 8 
These are the eight MSB’s of the 16-bit address of the cursor location in memory. 
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(CRT Controller Registers) Cursor Position Low 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index OF 


Cursor address 7:0 


7 6 5 4 3 2 io 


D7-D0 Cursor Address Low Bits 7 To 0 
These are the eight LSB’s of the 16-bit address of the cursor location in memory. 


(CRT Controller Registers) Vertical Retrace Start 
Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 10 


Vertical retrace start pos. 7:0 


7 6 5 4 3 2 10 


D7-D0 Vertical Retrace Start Position Bits 7 To 0 
These are the eight LSB’s of the vertical retrace start position, and is programmed in 
horizontal scan lines. Bits eight and nine are in the overflow register (Index 07h). 
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Vertical Retrace End (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 11 
= 3 

~~ @ , 

cs o t Fi 

~ 2 $F F 

oo > 

Roman B@ 

o2 232 & Vert. retrace 

oo oo ec 2 

ecanouw Oo end pos. 3:0 
| | | | Nn 
7 6 5 4 3 2 1 O 


D7 


D6 


D5 


D4 


D3-D0 


Vertical Display Enable End 


Register 7-O Protect. This bit is reserved in EGA mode. 

. 0: Enables the writing of data to CRTC registers 7 To 0. 

. 1: Disables the writing of data to CRTC registers 7 To 0. 

Select 5 Refresh Cycles. This bit is reserved in EGA mode. 

= Q: Allows three dynamic RAM refresh cycles per horizontal line. 


= 1: Allows five dynamic RAM refresh cycles to be generated in every horizontal line. 


Enable Vertical Interrupt 
D5=0 enables the vertical retrace interrupt. 


Clear Vertical Interrupt 


D4=0 clears the vertical retrace interrupt. After being cleared this bit must be set to 1 so 
that interrupts are not held inactive. 


Vertical Retrace End Position Bits 3 To 0 
These bits determine the length of the vertical retrace signal. Since this value is only four 
bits in length, The maximum length of the vertical retrace signal is 15 clock periods. 


(CRT Controller Registers) 


Memory Address Mono 1FB5 Color IFDS I/O Address Mono 3B5 Color 3D5 Index 12 


D7-D0 
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Vertical displayed lines 7:0 


7 s| 5 4 B 21 0 


Vertical Displayed Lines Bits 7 To 0 


These are the least significant eight bits of the ten-bit value which defines the vertical 
display enable end position. The value of these ten bits is the total number of lines to be 
displayed minus one. 
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(CRT Controller Registers) Offset 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 13 


Line address offset 7:0 


5 4 3 2 10 


ale 


D7-D0 Line Address Offset Double Words 


These bits are the value used to offset the memory address counter to the begining of the 


next displayed character line. This value is the number of double words (or single words) 
in one character line. 


(CRT Controller Registers) Underline Location 


Memory Address Mono 1FB5 Color 1FD5 WO Address Mono 3B5 Color 3D5 


Index 14 
o 
n 
oO 
= ost 
BB 3 
am a © _— Underline row scan 4:0 
| / 
7 6 5 4 3 2 1 0 
D6 Double Word Select. This bit is reserved in EGA mode. 


. 0: Causes the memory addresses to be single word addresses. 


= 1: Causes the memory addresses to be double word addresses. 


DS Count By four. This bit is reserved in EGA mode. 
. 0: Causes the memory address counter to be clocked with the character clock. 
. 1: Causes the memory address counter to be clocked with the character clock divided 
by four. If the count by two bit (Index 17h bit D3) is set to 1, then this bit has no effect. 
D4-D0 Underline Row Scan Bits 4 To 0 


These bits specify the horizontal row scan of a character row on which an underline 
occurs. 


5-72 Chapter 5: Register Descriptions MGA ATHENA Specification Ma trox Confidential 


Vertical Blanking Start (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 /O Address Mono 3B5 Color 3D5 Index 15 


Vertical blank start pos. 7:0 


D7-D0 Vertical Blanking Start Position Bits 7 To 0 
These are the least significant eight bits of the ten-bit start vertical blanking value. Bits 
eight and nine are found in the overflow register (Index 07h) and the maximum scan line 
register (Index 09h). The value of these ten bits is one less than the horizontal scan line 
count at which the vertical blanking signal becomes active. 


Vertical Blanking End (CRT Controller Registers) 
Memory Address Mono 1FB5 Color IFD5 VO Address Mono 3B5 Color 3D5 Index 16 


Vertical blanking end position 7: 0 


rf s|s 4 | 3 2| ao 


Reserved (EGA) 


D7-D0 Vertical Blanking End Position Bits 7 To 0 


The value of these bits specify the horizontal scan count when the vertical blanking signal 
becomes inactive. This value is in horizontal scan lines. 
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(CRT Controller Registers) Mode Control 


Memory Address Mono 1FB5 Color 1FD5 I/O Address Mono 3B5 Color 3D5 Index 17 

D 
as ee 

D +. D 
- 4 
Ss 8 oe £ 

— © 2 B 
o = © OM = 
P =£ov FBBS B 
Oo = 6 5S €¢ n@2@vtr 2 
er £ = 8 8 see 5 
Oo mm = aeoxrrds2 oOo 
| | | | | | | | 
7 | ql 5 4 2 2 10 

D7 CRTC Reset 


» 0: Clears both the horizontal and vertical retrace. 
. 1: Enables both the horizontal and vertical retrace. 


D6 Byte/Word Mode Select 


. 0: Selects word mode. The memory address counter bits are shifted left before being 
applied to the video memory. Address bit 0 is replaced with either bit 15 or bit 13 of the 
memory address counter, as selected by the MA 15/MA 13 select bit 


. 1: Selects the byte mode. The memory address counter bits are applied directly to the 
video memory. 


D5 MA 15/MA 13 Select 


. 0: Selects memory address counter bit 13 to be used as memory address bit 0 in word 
mode. In byte mode, memory address counter bit 0 is used for memory address bit 0. 


. 1: Selects memory address counter bit 15 to be used as memory address bit 0 in word 
mode. In byte mode, memory address counter bit 0 is used for memory address bit 0. 


D3 Count By Two 

. 0: Causes the memory address counter to be clocked by the character clock. 

» 1: Causes the memory address counter to be clocked by every second character clock. 
D2 Horizontal Retrace Divide Select 


» 0: Causes the vertical timing counter to be clocked on every horizontal retrace. The 
maximum number of horizontal scan lines is 1024. 


. 1: Causes the vertical timing counter to be clocked by every second horizontal retrace. 
The maximum number of horizontal scan lines is 2048. 
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Mode Control (continued) (CRT Controller Registers) 
D1 MA 14/Row Scan Select 
This bit is used to select the internal signal used for memory address 14. 


» 0: Causes the row scan counter bit 1 to be used as memory address bit 14 during CRTC 
reads from display memory. 


» 1: Causes memory address bit 14 to be used as memory address bit 14 during CRTC 
reads from display memory. 


DO Compatability Mode Select 
This bit is used for compatibility with IBM CGA. 


= (): Causes the row scan address bit 0 to be used as memory address bit 13 during CRTC 
reads from display memory. 


. 1: Causes memory address counter bit 13 to be used as memory address bit 13 during 
CRTC reads from display memory. 


Line Compare (CRT Controller Registers) 
Memory Address Mono 1FBS5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 18 


Line Compare 7:0 


7 | 6 5 4 3 2 0 


D7-D0 Line Compare Bits 7 To 0 
These are the eight least significant bits of the ten-bit line compare value. When the 
number of displayed lines reaches this value, the display memory address is reset 
following two horizontal lines. Bit eight and bit nine are in the overflow register (Index 
07h) and the maximum scan line register (Index 09h). 
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(CRT Controller Registers) CPU Latch Read 


Memory Address Mono 1FB5 Color 1FD5 I/O Address Mono 3B5 Color 3D5 Index 22 


CPU Data bits 7:0 


ol 


7 6 5 4 3 2 1 0 


D7-D0 CPU Data Bits 7 To 0 
This register reads one of four 8-bit registers of the graphics controller CPU data latch. 
These latches are loaded when the CPU reads from display memory. Bits 1 and 0 of 
graphics controller register Index 04h (read plane select) determine which of the four 
latches (planes O-3) is read. This register contains color compare data in mode 1. 


(CRT Controller Register) Attributes Address/Data Select 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index 24 


Attributes address/data select 
Reserved 


D7 Attributes Address/Data Select: 
. 0: Indicates the attributes controller is prepared to accept an address value. 
» 1: Indicates the attributes controller is prepared to accept a data value. 


A read from port 1FBA/1FDAh resets D7. Each data write to the attributes controller will 
toggle this bit. 
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Attributes Address (CRT Controller Register) 


Memory Address Mono 1FB5 Color 1FD5 I/O Address Mono 3B5 Color 3D5 Index 26 
L wD 
2g 
Reserved & > Attributes address 4:0 
i | 
| 7/6/5 4 3 2 1/0 
D5 Palette Enable 
D4-D0 Attributes Address Bits 4 To 0: 


These bits return the value of the attributes controller address register. 


Graphics Controller CPU Data Latch, Map 0 (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 I/O Address Mono 3B5 Color 3D5 Index EO 


CPU data 7:0 


7 6 5 4 3 2 10 


D7-D0 CPU Data Bits 7 To 0 
This register contains the data which is to be written to, or has been read from the 8-bit 
register for plane 0 of the graphics controller CPU data latch. 


After this register is accessed, the index will automatically increment to El. 


Graphics Controller CPU Data Latch, Map 1 (CRT Controller Registers) 


Memory Address Mono 1FB5 Color 1FD5 1/O Address Mono 3B5 Color 3D5 Index El] 


CPU data 7:0 


7 6 5 4 3 2 10 


D7-D0 CPU Data Bits 7 To 0 
This register contains the data which is to be written to, or has been read from the 8-bit 
register for plane 1 of the graphics controller CPU data latch. 


After this register is accessed, the index will automatically increment to E2. 
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(CRT Controller Registers) Graphics Controller CPU Data Latch, Map 2 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index E2 
CPU data 7:0 
r 
7 | 6 | 5 | 4 3 2 1 | 0 
D7-D0 CPU Data Bits 7 To 0 


This register contains the data which is to be written to, or has been read from the 8-bit 
register for plane 2 of the graphics controller CPU data latch. 


After this register is accessed, the index will automatically increment to E3. 


(CRT Controller Registers) Graphics Controller CPU Data Latch, Map 3 


Memory Address Mono 1FB5 Color 1FD5 VO Address Mono 3B5 Color 3D5 Index £3 


CPU data 7:0 


10 


7 6 5 4 3 2 | 


D7-D0 CPU Data Bits 7 To 0 
This register contains the data which is to be written to, or has been read from the 8-bit 


register for plane 3 of the graphics controller CPU data latch. 


After this register is accessed, the index will automatically increment to EO. 
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Mode Control (Hercules Registers) 


Memory Address 1FB8 V/O Address 3B8 
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D7 Display Page | 
» 0: Causes memory page 0 (BO000-B7FFFh) to be displayed. 


. 1: Causes memory page | (B8000-BFFFFh) to be displayed. Bit D1 of the 
configuration register (3BFh) must be high before this bit can be set. 


D5 Text Blink Enable 
. 0: Causes attribute bit 7 to be used for background intensity in text mode. 


» 1: Causes all characters with attribute bit 7 high to blink and all characters to have low 
background intensity. 


D3 Display Enable 
. 0: Blanks the display. 


#1: Enables the display. Bit D5 of auxiliary register 2 (emulation control) must be | 
before the display can be blanked. 


D1 Graphics Mode Select 
. 0: Selects text mode. 


# 1: Selects graphics mode. This bit can be set only if DO of the configuration register 
(3BFh) is 1. 
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(Hercules Registers) Light Pen Set 


Memory Address 1FB9 /O Address 3B9 


Reserved 


r}elsfalafe2| alo 


When this port is read from or written to the light pen latch is set. 


(Hercules Registers) Light Pen Clear 


Memory Address 1FBB I/O Address 3BB 


Reserved 


When this port is read from or written to the light pen latch is cleared. 


5-80 Chapter 5: Register Descriptions MGA ATHENA Specification Ma _ trox Confidential 


Configuration (Hercules Registers) 
Memorv Address 1FBF VO Address 3BF 


D1 


DO 


Enable graphics mode 


Enable page 1 
Reserved 


7 6 5 4 3 2 10 


Enable Page 1 
. 0: Prevents D7 of the mode control register (3B8h) from being set. 


» 1: Allows D7 of 3B8h to be set. The logical AND of this bit and data bus D7 is applied 
to the bit 7 latch of the mode control port. 


D1=0 causes the display memory to appear in the BOOOO-B7FFFh CPU address range. In 
text mode, the memory is actually only 4K in size and is repeated (B 1000-B 1FFFh, 
B2000-B2FFFh, etc. are the same memory as BOO00-BOFFFh).D1=1 allows 64K of 
unique memory to be accessed in the BOOOO-BFFFFh range. 


When in graphics mode, 64K of unique memory is always available. The CPU can access 
the upper 32K (B8000-BFFFFh) only when D 1= 1. 


Enable Graphics Mode 
» 0: Prevents D1 of 3B8h from being set. 
. 1: Allows D 1 of the mode control register (3B8h) to be set. 


The logical AND of this bit and data bus D1 is applied to the bit 1 latch of the mode 
control port. 
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(Attributes Controller Registers) Address 


Memory Address 1FCO VO Address 3Co0 


reg. index 4:0 


£2 

o: a Attrib. controller 
Reserved &. & 

| 


7 6 5 4 3 2 1 0 


A read from port 3BA/3DAh resets this port to the attributes address register. The first 
read or write to this register after a 3BA/3DAh reset accesses the attributes index, the 
next read or write accesses the palette. Subsequent reads or writes to this register toggle 
between index and palette. 


D5 Palette Enable 


. 0: Enables the loading of the palette registers. The display is forced to the overscan 
color. 


» 1: Enables the application of video pixel data to the color palette address inputs. 


D4-D0 Attributes Controller Register Index Address Bits 4 To 0 
Bits D4-DO of this register select which attributes register is to be accessed at 03Clh. 


(Attributes Controller Registers) Palette 
Memory Address Read 1FC1 Write 1FCO /O Address Read 3C1 Write 3C0 Index 
00-OF 
Se 
to (se) 
a 2a = 
ao - & a 
— _-~ oO 
>» $2 A246 
®D - > a 
Oo Co TD Do ® ® 
o = 2 
Reserved GS & & O o 
| | | | | | 
| 7 6| 5/| 4 | 3/ 2/ 1 0 


There are 16 palette registers. Each of these registers corresponds to one possible 
combination of the four video plane inputs to the attributes controller system. 


Bits D5-DO allow a dynamic mapping of text attribute or graphic color input value for the 
displayed color. The value of these six bits determine the color to be displayed. 


5-82 Chapter 5: Register Descriptions MGA ATHENA Specification Matrox Confidential 


Mode Control (Attributes Controller Registers) 


Memory Address Read 1FCI Write 1FCO VO Address Read 3C1 Write 3C0 Index 10 


D7 


D6 


D5 


D3 


D2 


compatibility 


PEL panning 
— Line graphics enable 


— PD5/4 sel. 

— PEL width 

— Reserved 

— Blink/intensity sel. 
— monochr/color sel 
— Graphics mode sel. 


a | 
Ee 
gl 
QB 
os 
N 
8 


i 


Reserved (EGA) 
PD5/4 Select 
. 0: Enables PDS and PD4 to become the outputs of the palette registers. 
. 1: Causes PD5 and PD4 to be used as bits 0 and | of the color select register. 
PEL Width 


. 1: Causes the video pipeline to be sampled such that eight bits are available for color 
selection in the 256-color mode. 


» 0: This bit should be 0 in all other modes. 
PEL Panning Compatibility 
= (): Has no effect on the output of the PEL panning register. 


. 1: Causes a successful line compare in the CRT controller to force the output of the of 
the horizontal panning register to 0 until “+VSYNC” becomes active. The output then 
returns to its programmed value. This bit allows the panning of only the top portion of 
the display. 

Blink/Intensity Select 


. 0: Selects the use of bit D7 of the character attribute to be used for the background 
intensity. 


1: Selects the use of bit D7 of the character attribute to be used for blink. This bit is also 
1 to enable blinking in graphics modes. 
Line Graphics Enable 


. 0: Causes the ninth horizontal bit position of a displayed character cell to be the same 
color as the background. 


= 1: Causes the ninth horizontal bit position of a displayed character cell to be the same 
as the eighth bit position if the character code being displayed is between OCOh and 
ODFh. 
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(Attributes Controller Registers) Mode Control (continued) 


DI Monochrome/Color Select 

. 0: Selects color display attributes. 

» 1: Selects monochrome display attributes. 
DO Graphics Mode Select 

= (0: Selects the alphanumeric mode. 


" 1: Selects the graphics mode. 


(Attributes Controller Registers) Overscan Color 


Memory Address Read 1FC1 Write 1FCO VO Address Read 3C1 Write 3C0 Index is} 


Overscan PD7:0 


ara oe sat ie Ue iis 
Reserved (EGA) 
D7-D0 Overscan PD7 To PDO: These eight bits determine the border color of the CRT display. 
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Color Plane Enable (Attributes Controller Registers) 


Memory Address Read 1FC1 Write 1FCO VO Address Read 3C | Write 3C0 Index 12 
Diagnostic 


Reserved select 1:0 Enable plane 3:0 
cian | i | cian: 


7 6 5 4 3 2 10 


D5-D4 Diagnostic Select Bits 1 And 0 
These bits select two of eight color outputs for the status port (see ports 3BAh, 3DAh bits 
D4 and DS) as follows: 


Diagnostic Select status Port 
D5 D4 D5 D4 
0 0 PD2 PDO 
0 | PD5 PD4 
| 0 PD3 PD1 
| | PD7 PD6 
D3-D0 Enable Planes 3 To 0 


» 0: Disables the corresponding memory plane. 


. 1: Enables the corresponding memory plane. 


Horizontal Panning (Attributes Controller Registers) 
Memory Address Read 1FC1 Write 1FCO VO Address Read 3C1 Write 3C0 Index 13 
Reserved Horiz. pan count 3:0 


eo 8 ee ee 


7 | 6 5 4 3 2 10 


D3-D0 Horizontal Pan Count Bits 3 To 0 
These bits are used for horizontal panning. In 8-PELs-per-character modes, this register is 
normally programmed with the value 0. The displayed image is shifted left by the number 
of pixels specified using this register. The maximum allowed is seven. In 
9-PELs-per-character modes this register is normally programmed with the value of eight. 
Programming the values zero to seven will shift the display increasingly to the left. 
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(Attributes Controller Registers) Color Select 


Memory Address Read 1FC1 Write 1FCO VO Address Read 3C1 Write 3C0 Index 14 


Reserved Color select 7:4 


7| 6 s| 4/3| 2| 2] 0 


Reserved (EGA) 


D3-D2 Color Select Bits 7 And 6 
These bits are the two most significant bits of the eight-bit color value in all modes except 
256-color graphics. 


DI-DO Color Select Bits 5 And 4 
These bits can be used in place of the PDS and PD4 outputs from the palette registers to 
form the eight-bit color value. 
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Miscellaneous Output (Misc. Register) 


Memory Address Read 1FCC Write 1FC2 1/O Address Read 3CC Write 3C2 


Write EGA 1FC3 Write EGA 3C3 

a = 

= Ss =x 2 

3s 8 S S & 

eran ae 5 2 
8 @& @e eo R 

8s 2 2= = a 
= G 

s = =< 25 =< © 
j o 

= £3 83 2 

SF 6 S£ Cok SF Q 

oe I I I I 

7 | 6 | 5 | 4 | 3)2 | 1 

D7 Vertical Retrace Polarity Select 


» 0: Selects positive vertical retrace. 

. 1: Selects negative vertical retrace. 
D6 Horizontal Retrace Polarity Select 

. 0: Selects positive horizontal retrace. 

. 1: Selects negative horizontal retrace. 


D5 Odd/Even Page Select 
This bit selects between two 64K pages of memory when in the Odd/Even mode. 


. 0: Selects the low page of RAM. 
. 1: Selects the high page of RAM. 
D4 Video Disable (EGA mode only) 
. 0: Activates internal video drivers. 
. 1: Deactivates the internal video drivers. 


D3-D2 Clock Select Bits 1 And 0 
Bits D3 and D2 select the clock source as dictated by Auxiliary register 01, D6. See 
Auxiliary register 01, D6 for further details. 


D1 Video RAM Enable 
» 0: Disables the video RAM. 


. 1: Enables the video RAM at the address set by the Graphics Controller Miscellaneous 
register, Index 6, bits D2 and D3. 


DO VO Address 3DX/3BXh Select 


» 0: Sets the CRT controller address to 3BXh and the input status register 1 address to 
3BAh for monochrome adapter emulation. The second video RAM window, when 
enabled, is accessable from BOO00h to B7FFFh. 


» 1: Sets the CRT controller address to 3DXh and the input status register 1 address to 
3DAh for CGA emulation. The second video RAM window, when enabled, is 
accessable from B8000h to BFFFFh. 
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(VGA/EGA/Misc Registers) Input Status Register 0 


Memory Address 1FC2 I/O Address 3C2 
EGA 1FC3 EGA 3C3 
x= 
O 
Lu 
- Cs 
2. o 
E 2B 
@D co) 
= OB 
O £S 
re Feature S = 
© input 1:0 =2 Reserved 
| | 
7 6 | 5 4 3 2 1 0 
D7 CRTC Interrupt 
D7=1 signifies that a CRTC interrupt is pending. The interrupt is cleared when this bit is 
set to 0. 
D6-D5 Feature Input 1 And 0 
These bits are always read as ‘11’. 
D4 Monitor Sense 0 (Switch Sense in EGA mode) 


In VGA mode, D4 is always read as 1. In EGA mode, the value read depends on bits 
D3:D2 of the Misc. Output register. 


D3:D2 | D4 | 
00 1 
01 0 
10 0 
11 1 


5-88 Chapter 5: Register Descriptions MGA ATHENA Specification Matrox Confidential 


Address (Sequencer Registers) 
Memory Address 1FC4 VO Address 3C4 


Sequencer Register 
Reserved Index Address 


Ber ees so 


D4-D0 Sequencer Register Index Address Bits 4 to 0 


The index specified by these address bits indicate the location of the register to which 
data is being written to or read from. 


Reset (Sequencer Registers) 
Memory Address 1FC5 WO Address 3C5 Index 00 


Reserved 


— § Reset 
— © Reset 


7 | 6 | | 3 5 0 


D1 Synchronous Reset 


. 0: Clears and stops the sequencer at the end of a memory cycle, and the memory buses 


are placed in the high impedance state. This bit must be set to 0 before changing any of 
the following: 


— DO and D3 of 1FC5h Index 01 
— D2 and D3 1FC2h 
— DO, D | and D5 of 1FDFh Index 01 
— D3 and D6 of 1FDFh Index 2 
DO Asynchronous Reset 


» 0: Clears and stops the sequencer at the end of a memory cycle and the DIP switch latch 
becomes transparent. Resetting the sequencer with this bit can cause the loss of data. 
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(Sequencer Registers) Clocking Mode 


Memory Address 1FC5 /O Address 3C5 Index 01 
x= = a 
Oo a 
LU Ww o» W > 
£ -s as 
SB Bx us BB 
om © oo = oO 
S82 O. = 28 
S oO = & 
Reseved DE HLA HD ALS 
| | | | 
7 6 5 4 3 0 
D5 Screen Off 


D4 


D3 


D2 


D1 


DO 


. 0: Normal video operation. 


. 1: Turns off the video and maximum memory bandwidth is assigned to the system. The 
display is blanked and all sync pulses are maintained 


Shift 4 
= (: Causes the graphics controller shift registers to be reloaded every character clock. 


. 1: Causes the graphics controller shift registers to be reloaded on every fourth character 
clock. This is used for 32-bit fetches. 


Dot Clock Rate 
. 0: Causes the dot clock rate to be the same as the sequencer clock rate. 


. 1: Causes the dot clock rate to be slowed to one-half of the sequencer clock rate. The 
character clock and shift/load signals are also slowed to half their normal speed. 


Shift/Load Rate 
. 0: Causes the graphics controller shift registers to be reloaded every character clock. 


. 1: Causes the graphics controller shift registers to be reloaded every other character 
clock. This is used for word fetches. 


Band Width (EGA mode only) 

» 0: Causes CRT memory cycles to occur in four of every five sequencer memory cycles. 
. 1: Causes CRT memory cycles to occur in two of every five sequencer memory cycles. 
9/8 Dot Mode 

. 0: Causes the sequencer to generate a 9 dot character clock. 


» 1: Causes the sequencer to generate an 8 dot character clock. 
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Plane Mask (Sequencer Registers) 


Memory Address 1FC5 VO Address 3C5 Index 02 
Reserved Plane write enable 
| i | 6 | 5 | 4 | 3 | 2 | 0 
D3-D0 Plane 3, 2, | And 0 Write Enable 


A 1 in any bit location will enable system writes to the corresponding video memory 
plane. Simultaneous writes occur when more than one bit is 1. 


Character Map Select (Sequencer Registers) 
Memory Address 1FC5 VO Address 3C5 Index 03 
Reserved 
Reserved EGA M | 


Map A select 


D5,D3-D2 Map A Select Bits 2, 1 And 0: These bits are used for alpha character generation, when 
character attribute bit D3 is 1, according to the following table: 


g 
4 
8 


Map Selected \|Map Location 
0 1'8KB of Plane 2 
3° 8KB of Plane 2 
5" 8KB of Plane 2 
7" gkKB of Plane 2 
2"4 8KB of Plane 2 
4" 8kB of Plane 2 
6" 8KB of Plane 2 
8" 8KB of Plane 2 


—=— mm = COS S&S 


ese rP oo - - 3° S&S 
- Or O- Co- S 
NYA WF we HY — 
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(Sequencer Registers) Character Map Select (continued) 


D4, D1-D0 Map B Select Bits 2, 1 And 0 
These bits are used for alpha character generation, when character attribute bit D3 is 0, 


according to the following table: 


D4 DI DO Map Selected |Map Location 
0 0 0 0 1°' KB of Plane 2 
0 0 1 1 3° KB of Plane 2 
0 1 0 2 54 8KB of Plane 2 
0 1 1 3 7" 8kB of Plane 2 
0 0 4 294 gxB of Plane 2 
| 0 1 5 qth 8KB of Plane 2 
1 0 6 6" 8kB of Plane 2 
l 1 1 7 gth 8KB of Plane 2 
(Sequencer Registers) Memory Mode 
Memory Address 1FC5 /O Address 3C5 Index 04 
ro) 
So @ 
7) D 
= ® — 
omg Seat 
Cc = a = O 
coc ® eS =< 
S3Bxse a 
| 
Reserved Oo . a < 
7 6 5 4 3 2 10 
Reserved in EGA’ Reserved in VGA 
D3 Chain 4 


. 0: Causes the system to access the data sequentially within a memory plane. 


1: Causes the two low-order bits AO and A 1 to select the memory plane to be accessed 
by the system as follows: 


Al | AO Map Selected 
0 0 0 
0 | | 
| 0 2 
| | 3 
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Memory Mode (continued) . (Sequencer Registers) 


D2 Odd/Even Mode 


» 0: Enables the system to write to planes 0 and 2 only at even addresses and planes 1 and 
3 at odd addresses. 


= 1: Enables the system to write to any plane which is enabled by the plane mask register. 
Di 256K Memory Size (EGA mode only) 
. 0 when 256K of memory is not installed. Address bits 14 and 15 are forced to 0. 


. | when 256K of memory is installed. D1 should always be 1 for this multi-function 
video controller. 


DO Alpha Mode Select (EGA mode only) 


. 0: Causes the graphics mode to be active. Address bits 13, 14 and 15 of the B video 
memory planes will be the same as those of the A video memory planes. 


. 1: Causes the alphanumeric mode to be active. This causes address bits 13, 14 an 15 of 
the B video memory planes to be selected from the character map select register. 


DAC Status (VGA/Miscellaneous) 
Memory Address 1FC7 VO Address 3C7 


DAC Status 
Reserved 1-0 


| Ane 


D1-D0 DAC Status. This port returns the last access cycle to the palette. 


Most Recent Cycle 


0 0  |Write palette cycle 
| l Read palette cycle 


Reads from the DAC Write (3C8) or DAC Status registers do not interfere with read or 
write cycles, and may take place at any time. 
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(Graphics Controller Registers) Address 


Memory Address 1FCE I/O Address 3cE 
Graphics controller 
Reserved register index 3:0 
eC 
7 6 5 2 10 
D3-D0 Graphics Controller Register Index Address Bits 3 to 0 


These bits select which register is to be accessed at port 3CFh. 


(Graphics Controller Registers) Set/Reset 
Memory Address 1FCF /O Address 3cr Index 00 
Reserved Set/reset planes 3:0 


wees le elas 


D3-D0 Set/Reset plane 3 to 0 
These bits allow the set or reset of byte values in the four video planes: 


= 1: Sets the byte 
» 0: Resets the byte. 


This register is active when the graphics controller is in write mode 0 and enable set/reset 
is activated. 
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Enable Set/Reset (Graphics Controller Registers) 


Memory Address 1FCF 1/0 Address 3CF Index 01 
Enable set/reset 
Reserved planes 3:0 
7 | 6 | 5 | 4 3 2 10 
D3-D0 Enable Set/Reset Plane 3 to 0 


These bits control the activation of the set/reset register. Setting any bit to | enables the 


corresponding bit in the set/reset register. Writing a 0 will disable the corresponding 
set/reset bit. 


Color Compare (Graphics Controller Registers) 
Memory Address 1FCF VO Address 3CF Index 02 
Reserved Reference color 3:0 


D3-D0 Reference Color 
These bits represent a 4-bit color value for reference by read mode (bit D3, Index 05h, 
mode control register). In this mode, when the system reads from display memory, the 
data byte returned will have a | in each bit position where the data in the four memory 


planes matches the value in the color compare register. Only the planes enabled by the 
color don’t care register will be tested. 
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(Graphics Controller Registers) Data Rotate 


Memory Address 1FCF WO Address 3CF Index 03 


Function Data rotate 
Reserved select 1:0 count 2:0 


D4-D3 Function Select Bits 1 and 0 
These two bits are used to select hardware logic functions to be performed between the 
video memory data latches and any data. Selected by the mode control register bits DO 


and D1. 
D4 D3 Fulnction 


0 0 Data unmodified 

0 1 |Logical AND with latched data 
| 0 |Logical OR with latched data 

1 1__|Logical XOR with latched data 


D2-D0 Data Rotate Count Bits 2 to 0 
These bits produce a 3-bit binary value which specifies the number of bit positions to 
rotate the system data on writes to video memory in write mode 0. 


(Graphics Controller Registers) Read Plane Select 
Memory Address 1FCF /O Address 3CF Index 04 
Read plane 
Reserved select 1:0 


7 6 5 4 3 2 10 


DI-DO Read Plane Select 
This register is used to select the video memory plane to be read by the system. This 


register will select planes 3 to 0, as programmed in binary, for read operation. 
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Mode Control (Graphics Controller Registers) 


Memory Address 1FCF WO Address 3CF Index 05 
< D 
ou $3 @ 
Oc¢.r1.9 09 ” 
E=ODEE 2 
~~ Oo Oo 
no) oe S& Oo Dd 
SS8eSs5S £ 
BOs 2S « &y. 
DB © SESS gs Write mode 
ce nfneo ec ec _ select 
| | | | | f 


D6 


D5 


D4 


D3 


D2 
DI-DO 


7 6 5 4 3 


NS 


1 0 


256-Color Mode (VGA mode only) 
. 0: Allows the loading of the shift registers to be controlled by bit DS. 


. 1: Causes the shift registers to be loaded in a manner which supports the 256-color 
mode 


Shift Register Interleave Mode 


= 1: Causes the shift registers in the Graphics Controller to format the serial data with 
odd numbered bits from both planes in the odd numbered planes and the even 
numbered bits from both planes in the even numbered planes. 


Odd/Even Mode Select 
. 0: Makes the read plane select register control which plane the system reads data from. 


1: Causes system address bit AO to replace bit 0 of the read plane select register, thus 
allowing AO to determine odd or even plane selection. 


Read Mode Select 

» 0: Causes the system to read data from the active video memory plane. 
. 1: Enables the color compare register. 

Reserved. 


Write Mode Select 
These two bits select the write mode as follows: 


DI O | Write Mode 


0 0 | Data rotate. logical functions and set/reset are enabled in this mode. 


0 | The active video memory plane(s) are written with the contents of the 
32-bit system data latches. 


| 0 | In this mode the bit position corresponding to the video plane address 
is used as the value of an 8-bit write to that video plane. 


| || Each plane receives 8 bits of the value contained in the set/reset 
register for that plane. Rotated system data is ANDed with the bit 
mask register to give an 8-bit value which performs the same function 
as the bit mask register does in modes 0 and 2. In EGA this mode is 
the same as mode 1. 
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(Graphics Controller Registers) Miscellaneous 


Memory Address 1FCF VO Address 3CF Index 06 


Odd/even chain enable go 
Memory map #® 
Reserved select 1:0 OR: 


Frfefsfe]afe| ae 


D3-D2 Memory Map Select Bits 1 and 0 
These bits select where the video memory is mapped as follows: 


D3 | D2 | Address 


6 | 0 |A0000 - BEFFFh 
0 1 |.A0000 - AFFFFh"? 
1 0 
1 l 


BOO00 - B7FFFh 
B8000- BFFFFh 


() Second video RAM window, when enabled, will occupy either BOOOOh to B7FFFh or 
B8000h to BFFFFh. See auxiliary register OCh. 


DI Odd/Even Chain Enable 
. 0: Causes AO of the memory address bus to be used during system memory addressing. 


1: Allows AO to be replaced by either Al 6 of the system address (if bits D3 and D2 are 
0), or the odd/even page select bit from the miscellaneous output register. 


DO Graphics Mode Select 
. 0: Enables alpha mode and the character generator addressing system is activated. 


. 1: Enables graphics mode and the character addressing system is not used. 
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Color Don’t Care (Graphics Controller Registers) 


Memory Address 1FCF VO Address 3cr Index 07 


Reserved Enable plane test 3:0 


7| 6 5 4 3B 2 10 


D3-D0 Enable Plane 3 to 0 Test 
When any of these bits are set to 1 the associated plane is included in the color compare 
read cycle. 


Bit Mask (Graphics Controller Registers) 


Memory Address 1FCF VO Address 3cr Index 08 


Data write mask 


7} 6) 5| al a) 21 | o 


D7-D0 Data Write Mask Bits 7 to 0 
If any bit in this register is set to 1 the corresponding bit in all planes may be altered by 
the selected write mode and system data. 


If any bit is set to 0 the corresponding bit in each plane will not change. 
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(CGA Registers) Mode Control Port 


Memory Address 1FD8 I/O Address 3D8 
o 8 3 
= @ — 
es oa 2% 8 
<b) — wo [<b) wrt) ® 
ee = an 2 
c ; ° n : 
— i?) = wo 
sf ses S =e 
: a 2° a ¢ 
5S & § © & 
Reserved F TF A S O = 
| | | | | | 
7 |6 5 A Gocco 4 0 
D5 Text Blink Enable 


D4 


D3 


D2 


D1 


DO 


. 0: Causes attribute bit 7 to be used for background intensity control. 


. 1: Characters with attribute bit 7 high will blink and all characters will have low 
background intensity. 


High Resolution Graphics: When in graphics mode (D1=1), D4=0 selects 320 x 200 
mode and D4=1 selects 640 x 200 mode. This bit only has an effect when in graphics 
modes. 

Display Enable 

. 0: Blanks the display. 


. 1: Enables the display. Bit D5 of auxiliary port 2 must be high before the display can be 
blanked. 


Monochrome Select: This bit alters the foreground color palette in the 320 x 200 graphics 
mode. It has no effect in other modes. For foreground pixels, D2=0 (color) causes the 
blue output to have the same state as port 3D9h D5. When D2=1 (monochrome), the blue 
output is the same as pixel data bit CO. This bit only has an effect in the 320 x 200 
graphics mode. If the CGA hardware palette is disabled (auxiliary port 3 D4=1) this bit 
has no effect on hardware. 


Graphics Select 
» 0: Selects text mode 
. 1: Select graphics mode. 


High Resolution Text: This bit has no effect in hardware, but must be interpreted by 
emulation software to set up the sequencer and CRTC. When in text mode (D 1=O), DO=0 
selects 40 x 25 characters and DO=! selects 80 x 25 characters. This bit has no effect in 
graphics modes. 
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Color Select 


(CGA Registers) 


Memory Address 1FD9 VO Address 3D9 


D5 


D4 


D3-D0 


Intensified palette 


Alt. palette 
Red select 


Reserved 


— Intensity select 
Green select 
— Blue select 


oO 


rjelslafale fs 


Alternate Palette: In the 320 x 200 graphics mode, D5 selects one of two foreground 

color palettes. D5 has an effect only in color mode (port 3D8h D2=0). When D5=0, the 
blue video output is low for all foreground pixels. When D5=1, the blue video output is 
high for all foreground pixels. D5 does not change the background (CO=Cl=O) color. If 
the CGA hardware palette is disabled (auxiliary port 2 D4=1) then this bit has no effect. 


This bit has an effect only in the 320 x 200 graphics mode. 


Intensified Palette: In 320 x 200 graphics mode, D4=0 causes the foreground pixels to be 
intensified and D4=1 causes them to be low intensity. If the CGA hardware palette is 
disabled (auxiliary port 2 D4=1) then this bit has no effect. 


This bit has an effect only in the 320 x 200 graphics mode. 


Intensity, Red, Green, and Blue Select: In the text modes, these bits determine the 
overscan (border) color. In the 320 x 200 graphics mode, these bits determine the 
background pixel (C0=C 1=0) and overscan colors. In 640 x 200 graphics mode, these bits 
determine the foreground pixel color. 


These bits have no effect if the CGA hardware palette is disabled (auxiliary port 2 D4=1). 
The overscan color is always determined by the contents of the attributes controller 
overscan register if the CGA overscan is disabled (auxiliary register 2 D3=1). 
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(Misc Registers) Input Status Register 1 


Memory Address Mono IFBA Color1FDA W/O Address Mono 3BA Color 3DA 


D7 


D5-D4 


D3 


D2 


5-102 


wa 
n 
ro ees 
® os = § 
= a a 
8 8s 7.) aS) © 
Sa a San ic c ® 
a2 oo @a22 2 @ 
“<3 Pa S$oxsgy a Q. > 
: 2 o eee = ee ‘ss & 
to a ero = = o. 
oT 2 ; oor 2? > 2 
>> a Diag 10 >->2 535 3 6 
7 6 5 4 3 2 1 0 


LBasoned in CGA and Hercules 


Reserved in CGA, EGA, and VGA 
Vertical Retrace Status (Hercules mode) 
» 0: Indicates that the CRTC is in a vertical retrace period. 
. 1: Vertical Retrace is inactive. 


Diagnostic | And 0 

D4 and DS are selectively connected to two of the eight color outputs of the attribute 
controller. Bits D4 and DS of the color plane enable register determine which color 
outputs are used. 


Color Plane Input Status 
Register Register 1 
0 0 PD2 PDO 
0 | PDS PD4 
| 0 PD3 PDI 
| | PD7 PD6 


This bit has no effect in Power Graphic mode. 

Vertical Retrace: (VGA, EGA, or CGA mode) 

. 0: Indicates that video information is being displayed. 

» 1: Indiates that a vertical retrace interval is occurring. 

Video Output Status: (Hercules mode) This bit monitors the direct drive video output. 
. 0: Indicates that the driver output is high. 

» 1: Indicates that the driver output is low. 

Light Pen Switch 

. 0: Indicates that the light pen switch is closed. 


. 1: Indicates that the light pen switch is open. 
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Input Status Register 1 (continued) (Misc Registers) 
Di Light Pen Latch 

= (): Indicates that the light pen latch is reset. 

» 1: Indicates that the light pen latch is set. 
DO This bit has no effect in Power Graphic mode. 

Display Enable 

» 0: Indicates an active display interval. 


» 1: Indicates a horizontal or vertical retrace interval. 


Feature Control (VGA/EGA/Misc Registers) 


Memory Address Mono W 1FBA Color W 1FDA I/O Address Mono W 3BA Color W 3DA 
Read 1FCA Read 3CA 


Reserved Feature ctrl. 1:0 


7 | 6 sfala| 1 | 0 


D1-D0 Feature Control Bits 1 And 0 
These bits can be used as internal general purpose bits. 


Light Pen Clear (Misc Registers) 


Memory Address 1FDB /O Address 3DB 


Reserved 


oe) 0 | 3 2 | 2/0 


When this port is read from or written to, the light pen latch is cleared. 


Matrox Confidential MGA ATHENA Specification VGA Mode Register Descriptions 5- 103 


(Misc Registers) Light Pen Set 


Memory Address 1FDC /O Address 3DC 


Reserved 


3 2 10 


When this port is read from or written to, the light pen latch is set. 


(Auxiliary Registers) Auxiliary Index 
Memory Address 1FDE VO Address 3DE 
= S 
Se r= 
= © (o) 
° = 
od & & 
s°° 6 & 
= Ores 
ree o 
Sroeoi_s 
= Lz o 
2. Lo ST 
= ok oO = 
GOL & 
EF c£=oLls Aux. register index 3:0 
| | | 


D7 


D6 


aie = 


fon) 


4 3 


~N 


un 


A read from the auxiliary index register clears the trap flip-flop and returns the TRAP 
output to its inactive state. The CRTC FIFO overflow flag is also reset and the FIFO is 
prepared for reads. Software must wait for 3 BUSCLK cycles (210 nS at 14.3 18 MHz) 
before reading the FIFO. 


(R): Trap Flip-Flop: If the ATHENA caused a trap interrupt then D7=1. This bit will only 
be 1 for the first read after a trap interrupt. Reading the auxiliary Index register clears this 
flag and returns the TRAP output to its inactive state. 


(R): CRTC FIFO Not Empty: If a CRTC emulation trap condition occurred and the CRTC 
FIFO is not empty then reading D6 returns 1. This flag is cleared by reading all data from 
the CRTC FIFO. 


(W): FIFO Reset: Writing a1 to D6 will reset the CRTC FIFO register and overflow flag. 
A 0 must be written to D6 before the FIFO can be used again. 
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D5 (R). CRTC FIFO Overflow: If more than 4 writes occurred to CRTC registers since the 
last trap interrupt service (the CRTC emulation FIFO has overflowed) then D5=1. This bit 
will only be 1 for the first read after a trap interrupt. Reading the auxiliary Index register 
clears this flag. 


D4 (R). Miscellaneous Trap Flag: If D4=1, a trap was generated which was not a CRTC 
emulation trap. This indicates that one of the bits in the trap flag register is set. 
D3-D0 (R/W). Auxiliary Register Index: Bits D3-DO of this register select which auxiliary 


register is to be accessed at port 3DFh. 


Mode Control (Auxiliary Registers) 
Memory Address 1FDF Read 3DF Index 00 
2 : 
3S @ 2 
no! = xo) wt 
D ® Wc 
a eo 
‘ese OO a) 
Ee ‘Ee ® + MOD ®D 
>! § BGo8%8e 
fe) es OO O 
SBS o S&S &F ES E Mode control 
z<_Fan 6GkS6 1:0 
| | 
7 6 5 4 3 2 10 
D7 Analog Monitor Disable: When D7=0, the analog monitor synchronous drivers are 


enabled. If D7=1 then the analog monitor drivers are disabled. The drivers are also 
disabled if port 3C2h, D4=1. 


D6 TTL Monitor Disable: When D6=0, the TTL monitor drivers are enabled. If D6=1 then 
the TTL monitor drivers are disabled. 


D5 Sequencer Speed: D5=0 selects sequencer cycles with high CPU interleave. High CPU 
interleave is usually selected with sequencer clocks of less than 30 MHz. Higher 
sequencer clock frequencies require D5=1 to select low interleave cycles which meet the 
DRAM timing specifications. Halt the sequencer by a synchronous or asynchronous reset 
before changing this bit. 


D4 CRTC 14-Bit Address Select: If D4=0 then the CRTC start address, cursor address, and 
light pen registers and address counter are 16-bit. If D4=1 then the most significant 2 bits 
of the registers and counter are forced to 0. This is used for 6845 CRTC emulation. 


D3 CRTC Light Pen Read Select: D3=0 causes the vertical retrace start and end registers to 
be read at CRTC register addresses 10h and 11 h. D3=1 causes the light pen registers to be 
read at those addresses. 


Matrox Confidential MGA ATHENA Specification VGA Mode Register Descriptions 5- 105 


(Auxiliary Registers) Mode Control (continued) 


D2 CRTC Select: The VGA CRTC is used when D2=0 and the EGA CRTC is used when 
D2=1. 

D1-D0 Mode Control 1 and 0: These bits select which display adapter the ATHENA is to 
emulate. They determine which registers may be accessed and which hardware emulation 
functions are enabled. Halt the sequencer by a synchronous or asynchronous reset before 
changing these bits. 

D1 | DO | Mode 
0 0 
0 | 
1 0 
1 | | MDA/Hercules 
(Auxiliary Registers) Extended Function 
Memory Address 1FDF I/O Address 3DF Index 01 
2 
ra 2 8 
[a2] 2 fom 
= -~ © ®D 
o ® So ¢ 
3S we, & o g 
8 o> SD gg & 
$oC8 & 5 5 = & 
rs < 2 Qo. 2, oS 2, Ss 
Sian > § o <= 8 
2°Oo.. S$ £ & = 
7pAS 2 *& N DPD = ) 
95aR2 08 ef &2 E 
Foflra tft FT OO WM WwW 
| | | | 
F7{se|s]e]s]2]a]o 

D7 Test Enable: For normal operation, D7=0. To enable test functions, D7=1. When test 
functions are enabled, auxiliary register 4 (general storage) can be used to control ATHENA’s 
hardware test functions. 

D6 BUSCLK Clock Select: Port 3C2h is used to select the clock source. Halt the sequencer 
by a synchronous or asynchronous reset before changing this bit. The state of D6 affects 
the clock input selection as follows: 

3C2h D6=0 D6=1 
D3, D2 
00 CLKINO |CLKIN1+2 
01 |CLKINI CLKIN3 
10 CLKIN2 CLKIN2 
Ul BUSCLK CLKINI 
D5 Display Panel Enable: The ENABLE output (pin 70) is controlled by this bit, and is used 


to enable the display panel. The state of the ENABLE pin is the same as D5. 
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Extended Function (continued) . (Auxiliary Registers) 


D4 


D3 


D2 


DI 


DO 


FlexFont Enable: Normal text mode font selection is in effect when D4=0. When D4=1, 
attribute bits D6-D4 are used to select from one of eight simultaneously displayable fonts. 
The background color bits are disabled (forced low), attribute bit D7 (intensity/blink) still has 
effect, and D3 is not used for font selection. 


HR256 Select: When this bit is high, the required hardware functions are enabled to 
permit a high resolution, 256 color, display mode. This function is enabled only when in 
VGA mode on a CRT display. Halt the sequencer by a synchronous or asynchronous reset 
before changing this bit. 


CPU Al6 Select: When high, CPU page select bit 0 (DO) is replaced by address bit A16. 
This allows the use of a 128K memory map (A0000-BFFFFh) so that the CPU can access 
2 pages in VGA 256 color mode without page switching. 


Simultaneous Write Enable: When the 512 KB memory option is selected internal DRAM 
address bit 16 selects one of /CASO or /CAS 1 to go active during a memory cycle. During 
a CPU write cycle both /CASO and /CAS 1 will go active if the simultaneous write enable 
bit is high. This is required in alphanumeric modes where multiple pages are desired. The 
character font must be loaded into both banks of plane 2 DRAM so that characters are 
displayed properly when ASCII and atribute data are taken from the upper DRAM bank. 


Extended Page Enable: When this bit is 0 display memory in 13h is limited to 1/4 of the 
installed DRAM. This gives full compatibility with the IBM VGA. Multiple display 
pages are available when this bit is 1. If D3 of this register (high resolution select) is 1 
then the extended page enable should also be 1. 


The extended page enable bit only affects CPU cycle addressing if D3 of sequencer 
register 4 (Chain 4) is 1. If DO is 0 then AO and Al of the DRAM address are forced low. 
If DO is 1 then page page select bits 1 and 0 of the auxiliary register 9 are used for the low 
DRAM address bits. 


If D3 (high resolution select) of auxiliary register 1 is 0, then DO affects CRT cycle 
addressing. If bit D6 (double word mode) of CRTC register 14h is 1, and DO is 0, then 
both Al and AO are 0 and the display wraps in the same way as the IBM VGA. If DO is 1, 
then the high CRTC counter bits replace AO and Al so that more memory may be 
accessed for high resolution displays. 
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(Auxiliary Registers) Emulation Control 


Memory Address 1FDF V/O Address 3DF Index 02 

2 

Te} 

B gg , 
O o a aoe oe 
a SBPo cc PDB VOS8 
Cx,  ~8855 8 SH OSES 
O OHA sSsZ220 GB 20 SBD 
x<e&rie i on a 
O ~ ODD > GO g 2 
SEP Bs ess 5 Se e8S3 

& CS @o @® 
muPOoPlOn0a Oo OosSLtesrs 
| | | | | | 


This register determines the degree of hardware emulation desired and also provides 
functions required for software emulation. 


D7 VGA/EGA CRTC Register Mask 
= (0: Allows access to all VGA/EGA CRTC registers. 
. 1: Prevents access to CRTC registers for which traps are enabled by D4 and D5 of the 
trap control register. 


D6 CRTC Offset Register LSB: This bit is used to achieve odd CRTC offset register values 
so that full software-aided emulation of the 6845 CRTC is possible. It should be enabled, 
D6= 1, at all times. 

D5 CGA/Hercules Blanking Enable 


= (0): Forces the display to be enabled in CGA and Hercules modes. This overrides the 
display enable bits in registers 3B8h and 3D8h so that the display will not flicker 
during scrolling. 


. 1: Allows registers 3B8h (Hercules mode) and 3D8h (CGA mode) to control the 
display if hardware emulation is enabled. 
D4 CGA Hardware Palette Disable 
. 0: Causes the CGA hardware palette to be used in CGA mode if D2=0. 


1: Allows the use of the attributes controller palette and enables extra trap conditions to 
aid in emulation of CGA register 3D9h. This allows flexibility in the way CGA colors 
are displayed so that various monitors can be used. 


D3 CGA Overscan Disable 


. 0: Causes the overscan (border) color to be taken from CGA register 3D9h as required 
in CGA mode if D2=0. 


= 1: Forces the overscan color to be taken from the attributes controller overscan register. 
This allows software control of the overscan. The overscan must be forced to black on 
monitors which are not blanked during retrace. 
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Emulation Control (continued) 


D2 CGA Hardware Emulation Disable 


(Auxiliary Registers) 


» 0: Enables hardware emulation for CGA ports 3D8h and 3D9h. 


. 1: Hardware emulation is disabled so that the contents of 3D8h and 3D9h have no 
effect on hardware. Extra trap conditions are enabled to permit software emulation. The 
CGA overscan and hardware palettes are also disabled. 


D1 Hercules Page 1 Access Enable 


. 0: Allows Hercules port 3BFh to control CPU access to Hercules memory page | 


(B8000-BFFFFh) if DO=O. 


. 1: Enables CPU access to memory page 1 when in Hercules mode. This allows 
software to control emulation of Hercules port 3BFh. 


DO Hercules Hardware Emulation Disable 


. 0: Enables hardware emulation for Hercules ports 3B8h and 3BFh. 


» 1: Hardware emulation is disabled so that the contents of 3B8h and 3BFh have no 
effect on hardware. Extra trap conditions are enabled to permit software emulation. 


Trap Control 


(Auxiliary Registers) 


Memory Address 1FDF i/O Address 3DF Index 03 
@® 
* 2 
<x © Ss 3 oS 
es 2 c § & © §& 
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This register determines which conditions cause a trap interrupt (NMI) and also controls 
access to the VGA CRTC registers and CRTC emulation FIFO. 


D7 VGA Register Mask 


. 0: Allows access to VGA registers in the 3CO-3CFh. This bit is used by emulation 
software when it must alter the VGA registers. Power-up default is D7=0. 


» 1: Causes the VGA registers in the 3CO-3CFh range to be masked from CPU access. 


D6 Cursor Trap Enable 
. 0: Trap disabled (power-up default) 


= 1: Enables traps on writes to cursor locations. 
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(Auxiliary Registers) Trap Control (continued) 


D5 CRTC Extended Trap Enable 
» 1: Enables traps and FIFO writes for CRTC registers OC-OFh. 
D4 CRTC Emulation Trap Enable 


. 1: Enables trap interrupts on writes to CRTC registers OOh-OBh and 10h-18h. Writes to 
the CRTC emulation FIFO are also enabled. This is used for software-aided emulation 
of the 6845, VGA, or EGA CRTC’s. See the trap conditions described elsewhere. 


D3 CRTC Mode Switch Trap Enable 


» |: Enables trap interrupts to CRTC ports which might indicate that an automatic mode 
switch is required. The CRTC Index register can be accessed at port addresses in the 
3BXh and 3DXh ranges. See the trap conditions described elsewhere. 


D2 Hercules Trap Enable 


» 1: Enables trap interrupts on writes to Hercules ports. CPU access to Hercules ports 
3B8h and 3BFh is also enabled. See the trap conditions described elsewhere. 


D1 CGA Trap Enable 


» 1: Enables trap interrupts on writes to CGA ports. CPU access to CGA ports 3D8h and 
3D9h is also enabled. See the trap conditions described elsewhere. 


DO . 1: Enables trap interrupts on writes to ports in the 3COh-3CFh addresss range. Refer to 
the trap conditions described elsewhere. 
Enabling the traps does not enable CPU access to the registers. The VGA registers must 
be unmasked (see D7) before the CPU can access the registers. 
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General Storage (Auxiliary Registers) 


Memory Address 1FDF /O Address 3DF Index 04 
@ 
ire 2 
ise) Ss 
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D7-D0 General Storage and Test Control 


This register is normally used for flag storage by the BIOS software. When D7 of the 
extended function register (test enable) is high, these bits control ATHENA’s test 


functions. Some of the input and output pins can be selected to drive or monitor internal 
signals of the ATHENA for testing. 


Test inputs are enabled when D2 is high and D7 of auxiliary register 1 is high. Bits DO 
and D1 are used to select which internal signals are to be driven: 
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Input Pin DI,DO=00 DI,D0=01 D1.D0=10 D1I,D0=11 
MONSO TMSYNC TMAMUX TMAMUX TMDE 
MONS 1 TMREFSH TMBMUX TMBMUX TMBLANK 

FEATO /TMDREN /TMDREN /TMDREN TMCURSR 
FEAT1 TMVDE TMCRT /TMCPUL TMUNLIN 
PANEL TMCAL /TMCRTL TMPVRTC 
LPENSW TMCCLK TMHRHLT TMLCV 
(/TMDREN=1) 
UP /TMTOP TMLCVBT 
. DOWN TMDEBT 


Output Pin D4,D3=00 D4,D3=01 D4,D3=10 D4,D3=11 
FCO /SQATLD SQCRTLO CRIS YNC CRIS YNC 
FC] /SQCCLK SQCRTL1 CR8RFSH CR8RFSH 

VDRIVE SQAMUX SQCRTL2 CR7CRSR CR7BCRSR 

ADRIVE SQBMUX /SQQRST CR7UNLN | CR7BUNLN 

ENABLE SQCRT /SQCPUL CRIHDE CRIHDE 
IRQ SQCAL /SQGSL CR4DE CR4DE 
TRAP SQCRA2 /SQDREN CRSLCV CRSBLCV 


MGA ATHENA Specification 


Test outputs are enabled when D5 is high and D7 of auxiliary register 1 is high. Bits D3 
and D4 are used to select which internal signals are available at the outputs: 


VGA Mode Register Descriptions 5-111 


(Auxiliary Registers) Trap Flag 


Memory Address 1FDF /O Address 3DF Index 05 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


— Hercules port 3BF write 
— Hercules port 3B8 write 
— CGA port 3D9 write 
— CGA port 3D8 write 


— EGANGA port write 
— CRTC 3DX port write 
— CRTC 3BX port write 


o 
Pea 
D 
7p) 
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om 
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The conditions which cause a trap interrupt (NMI) are described in detail in the section on 
Trap Interrupts. 

Hercules Port 3BFh Write: When Hercules trap conditions 2 or 5 are met then D6 is set. 
The trap conditions are described in another section. 


Hercules Port 3B8h Write: When Hercules trap conditions 1, 3, or 4 are met then D5 is 
set. The trap conditions are described in another section. 


CGA Port 3D9h Write: When CGA trap conditions 2 or 5 are met then D4 is set. The trap 
conditions are described in another section. 


CGA Port 3D8h Write: When CGA trap conditions 1, 3, 4, or 6 are met then D3 is set. 
The trap conditions are described in another section. 


VGA/EGA Port Write: This bit is set if VGA/EGA trap condition 1 occurred. The trap 
conditions are described in another section. 


CRTC 3DXh Port Write: This bit is set if a CRTC mode switch or CRTC emulation trap 
condition occurred at port addresses 3DOh to 3D7h. 


CRTC 3BXh Port Write: This bit is set if a CRTC mode switch or CRTC emulation trap 
condition occurred at CRTC port addresses 3BOh to 3B7h. 
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CRTC FIFO Read (Auxiliary Registers) 


Memory Address 1FDF V/O Address 3DF 


CRT FIFO 7-0 


Index 06 


eles lee |e) a 1 0 


This register is used to read the CRTC emulation FIFO. When D6 of the auxiliary Index 
register is | then data is available in the FIFO. The FIFO is eight bytes in length. 


The first read after a trap interrupt will return the data which was written to the CRTC and 
the second read returns the index in D4-D0(D7-DS are 0). Successive reads will 
alternately return data and then index. Up to four data/index pairs are available from the 
FIFO. When the FIFO is empty then the data returned will be random. Bit D6 of the 
auxiliary index register will become 0 when the FIFO is empty. 


Auxiliary Input Register 1 (Auxiliary Registers) 


Memory Address 1FDF V/O Address 3DF Index 07 


Monitor 
sense 1:0 
i ——_— 4 | 


rlejets[efelile 


D7-D6 Monitor Sense Input 1-O: These bits are always read as 00. 


P inel/CRT input 


Aux. DIP switch 4:1 


— Reserved 


D4 Panel/CRT Input: This bit is always read as 0. 
D3-D0 Auxiliary Dip Switch 1-4: These bits are always read as 0000. 
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(Auxiliary Registers) Auxiliary Input Register 2 


Memory Address iFDF /O Address 3DF Index 08 


Memory 
Rev. code 2:0 conf.1:0 DTYPE input 2:0 
Pe ee 


7 6 5 4 3 2 10 


D7-D5 Revision Code 2-O: These bits are the chip revision code. 

D4-D3 Memory Configuration: These bits are always read as 00. 

D2-D0 Display Type Inputs 2-O: These bits are always read as 111. 

(Auxiliary Registers) CPU Page Select 
Memory Address 1FDF V/O Address 3DF Index 09 


Reserved CPU page select 3:0 
| 


7 6 5 4 3 2 1 0 


D3-D0 CPU Page Select 3-O: Up to 16 pages of memory are available in the 320 x 200 pixel, 256 
color, graphics mode of the VGA. When in this mode these four bits select which 64K 
page the CPU can access. These bits take effect when one of either D3 of the extended 
function register 1, or D6 of graphics controller register 5 is high. 
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CRTC Extended Address (Auxiliary Registers) 


Memory Address 1FDF VO Address 3DF Index OA 
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D7 IRQ Disable: When D7=1 the IRQ output is prevented from going to the active state. This 
gives compatibility with the ISA bus version of the IBM VGA. 
D6 DIP Switch Latch Enable: When D6 is high the DIP switch inputs (located in auxiliary 


register 07) are latched on the rising edge of the sequencer reset bit. 


When D6 is low the DIP switch input values are not disturbed by subsequent sequencer 


resets. 
D5 (R). Auxiliary Clock Status: This bit is always read as 1. 
D4 CRTC Extended Address Enable: When D4 is low, the DRAM address bits 17 and 16 are 


low and only 256 KB of memory can be accessed. This is used to achieve full EGA and 
VGA compatibility when extended memory configurations are selected. 


When D4 is high 18-bit addressing is enabled. Bits D2 and D3 of auxiliary register 9 form 
the high address bits on CPU accesses to DRAM. The CRTC address counter is extended 
to 18 bits to allow the display of any area of memory. 


D3-D2 CRTC Cursor Address Bits 17,16: These are the most significant bits of the cursor 
address register when 18-bit CRTC addressing is used for expanded memory access. 
DI-DO CRTC Start Address Bits 17,16: These are the most significant bits of the start address 


register when | 8-bit CRTC addressing is used for expanded memory access. 
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(Auxiliary Registers) 32K Video RAM Page Select 


Memory Address 1FDF VO Address 3DF Index 0c 


Auxiliary window disable 
Reserved 32K page select 4:0 


| Reena Sik page sole 9 
7] | | 4 ¢ P |» 


D7 Auxiliary Window Disable 


» 0: Enables the second video RAM window. 
. 1: Disables the second video RAM window. 


D4-D0 32K Page Select Bits 4-O: Up to 16 pages of memory are available in the 320 x 200 pixel, 
256 color, graphics mode of the VGA for the second video RAM window. When in this 
mode these four bits select which 64K page the CPU can access. These bits take effect 
when D7 of this register is low and one of either D3 of the extended function register 1, 
or D6 of graphics controller register 05 is high. 


(Auxiliary Registers) Interlace Support 
Memory Address 1FDF I/O Address 3DF Index OD 
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D7 HR16 Color: When this bit is high, and the HR256 mode is enabled, the sequencer runs in 
HR16 (high resolution, 16 color) mode while the attributes controller and the graphics 
controller run at twice the clock speed of the sequencer. Note that all horizontal values in 
the CRT controller are divided by two and that byte pan pans by 16 pixels instead of 8 in 
all VGA 16 color planer modes. 


=» When D7 is low this mode is disabled. 
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Interlace Support (continued) (Auxiliary Registers) 


D6 Interlace Enable 
» 0: The interlace mode is disabled. 


. 1: This bit enables the interlace mode. In this mode CRTC counter address bits (6 to 9) 
are inverted every other vertical frame and the VRTC signal is delayed for one half of a 
horizontal line every other vertical frame. The VRTC signal is delayed on the opposite 
frame to the address being inverted. To use this mode select the CRTC address bits to 
be inverted and set the Interlace Enable bit. CRTC register 06, DO, inverts every other 
frame to give an odd total of lines for every two frames. The value in this register must 
be even in interlace mode and the logical horizontal line size must be double the 
display size. 


D5 3C2 Extended Port Select 
. 0: /EXPWR responds to I/O writes at address 3CBh as well as 3CDh. 
» 1: Allows the /EXPWR signal to respond to I/O writes at address 3C2h 
D4 Sequential Video RAM Access 
= (0: Video data is stored one byte every four sequencer cycles. 


« 1: This bit enables the HR256 sequencer cycles to store video data sequencially in 
video RAM. This supports a 16 color planer memory map. 


D3-D0 CRTC Address Bits 9 to 6/Interlace Inversion 
These four bits are CRTC high address bits 9 through 6 and are only valid in interlace 
mode. Normally only one bit is selected. The following table shows the relationship 
between the bit selected, and the address and mode selected. 


Ae 
Re My MODE _ 

§;| 16Color | HR16 | HR256 
| a6 512 1024 512 
Lapa 
mQ 
al a7 1024 2048 1024 
1 
S| as 2048 2048 
© 
S|] A9 4096 4096 
1S) 
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(Auxiliary Registers) Vertical Sync Adjust 


Memory Address IFDF VO Address 3DF Index OE 


Counter Value 7-O 


Aaa oes 


D7-D0 Counter Value Bits 7 to 0: This register provides a vertical sync timing adjustment for 
interlaced displays (interlace vertical retrace only). The value of these bits are compared 
to the horizontal count every other frame to provide a corrected vertical sync position. A 
value of zero in this register causes the horizontal total to be divided in half. 


(Configuration) Video Subsystem Access/Setup Enable 


Memory Address VO Address 46E8 


Video Subsystem Setup 
Video Subsystem Enable 


Reserved Reserved 


7 | 6 5 | 4 a2 [1 fo 


This register is only activated when ATHENA is reset with VGA enabled (refer to the 
vgaen strap description in Section 3.6.3 for more details). 


D3 Video Subsystem Enable. 
. 0: Disables the video subsystem 
. 1: Enables the video subsystem 
D4 Video Subsystem Setup. 
. 0: Disables access to I/O address 102 
. l: Enables access to I/O address 102 
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Video Subsvstem Enable (Configuration) 


Memory Address VO Address 102 


Video Subsystem Enable 
Reserved 


BEE: 
This register is only activated when ATHENA is reset with VGA enabled (refer to the 


VGAEN strap description in Section 3.6.3 for more details). 
DO Video Subsystem Enable. 


N 


10 


= (0: Disables the video subsystem 


» 1: Enables the video subsystem 
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Chapter 6: Hardware Interface 


This chapter explains the hardware interface of the ATHENA chip. It 
describes both the input from the host PCI and ISA interfaces and the 
output, which can be channeled directly to the RAMDAC and VRAM, or 
through a multiplexer or DUBIC chip (if either are present). 


6.1 Introduction 


The ATHENA chip has been designed in such a way as to minimize the amount of external logic required 
to implement a board. It includes: 


. A direct interface to the ISA bus. In this case, the bus can be driven exclusively by means of buffers. 


» A direct interface to the PCI bus, including a dedicated bus for external devices (this avoids the 
requirement for a buffer on the data bus). 


" The PCI interface can be used to interface to any 32-bit bus, with glue logic. 


» All necessary support for external devices, such as ROM, the Matrox DUBIC chip, RAMDACs, as 
well as an expansion decode strobe. These devices can be interfaced without the need for glue logic. 


. A ‘No DUBIC’ operation mode which eliminates the need for a DUBIC chip to drive the video data. 


. A ‘No MUX’ operation mode which eliminates the need for an external multiplexer in ‘No DUBIC’ 
mode. 


. A direct connection to the VRAM. 


6.2 Host Interface 
6.2.1 PCI Interface 


The PCI Interface block diagram (Figure 6-1) shows how to connect ATHENA to the PCI bus, as well as 
to the local resources. 


6.2.1.1. PCI Bus Operation 


Command Decoding 


The following cycles on the PCI bus will perform the operations specified below on the ATHENA chip 
(when decoding recognizes the access): 


C/BE<3:0># Command Type Operation 
0000 Interrupt acknowledge None 
0001 Special cycle None 
0010 I/O read 1/O read 
0011 V/O write I/O write 
0100 Reserved None 
0101 Reserved None 
0110 Memory read Memory read 
0111 Memory write Memory write 
1000 Reserved. None 
1001 Reserved None 
1010 Configuration read Configuration register read 
1011 Configuration write Configuration register write 
1100 Memory read multiple Memory read 
1101 Dual address cycle None 
1110 Memory read line Memory read 
Hil Memory write and invalidate Memory write 
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DEVSEL 


Because ATHENA is a medium-speed device, it will respond to DEVSEL in the second clock after 
FRAME/ is asserted. 


Disconnect and Retry 


Disconnect and retry are used in order to minimize the latency time on the bus. Refer to Section 6.2.1.2 
for more information about when the disconnect and retry are used. 


Burst Mode 


Since ATHENA supports burst mode, address generation must be a counter. Because a 5-bit counter is 
employed, a disconnect will be generated every 32 dwords. 


0 0 Linear incrementing (disconnect at every 32 dword boundary) 


0 | Disconnect after each transfer 


| Xx Disconnect after each transfer 


Configuration Access 


During a configuration access, A<1:0> have a different function than normal - they indicate if the access 
is Type 0 or 1. ATHENA responds only to Type 0 accesses, since it is a device on the PCI bus. 


Al AO Access Type 


0 0 ATHENA access when idsel is asserted 
0 1 Configuration access to another PCI bus (bridge) 
| xX Reserved 


Snooping 

ATHENA can perform snooping under the following two conditions: 
1. When the VGA RAMDAC snooping bit is active. 

2. When the 46E8 enabling feature is activated. 

This cycle operates in two different ways: 


« If there is no room in the input buffer then ATHENA takes control of the bus and a retry cycle is 
performed. 


# If there is room in the input buffer then the data will be loaded when the data transfer occurs on the 
PCI bus. 


Under normal conditions, only a subtractive agent will respond to the access. In this case, the snoop 
mechanism will function correctly. For other than normal conditions: 


# If there is another device on the PCI bus that responds to this mapping, or if another device is 
performing the snoop mechanism with retry capabilities, then this will result in contention on the 
PCI bus. 


# Burst mode is not supported in the snooping area. This is not supposed to append since bridges are 
not allowed to ‘burst’ consecutive I/O accesses, and CPUs do not perform burst on I/O accesses. 


» If another device on the PCI bus performed the shortest cycle, then ATHENA will not be able to get 
the data, but the state machine will be able to recover. 
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6.2.1.2 PCI Cycles 


The following resources are accessible to the PCI interface: 
. Configuration register writing 
» Input buffer writing to: 
a VO 
Q VGA frame buffer 
Q Power Graphic mode memory space 
. Configuration register reading 
. Output buffer reading: 
Q Power Grapic mode memory space (and pseudo DMA range when enabled) 
. Direct reading from: 
Q Io 
a VGA frame buffer 
Q Power Grapic mode memory space (except pseudo DMA range when enabled) 
Q EPROM 
Configuration Register Writing 


These cycles will be of fixed length as far as ATHENA is concerned (no wait states are added by the 
master). To avoid burst, a disconnect cycle is performed when TRDYN is asserted. 


Input Buffer Writing 
This cycle operates under the following parameters: 

. If there is room in the input buffer, the cycle is of fixed length. 

« If there is no room in the input buffer, a retry cycle is performed. 

» A retry cycle is performed when a 32 dword boundary is passed. 

» A disconnect cycle is performed when TRDYN is asserted, to avoid burst during I/O access. 
Configuration Register Reading 


These cycles will be of fixed length as far as ATHENA is concerned (no wait states are added by the 
master). A disconnect cycle is performed when TRDY/ is asserted, to avoid burst. 


Output Buffer Reading 
This cycle operates under the following parameters: 
« If there is data in the input buffer, then a retry cycle of fixed length is performed. 
. If there is data in the output buffer, then the cycle is of fixed length. 
= If there is no data in the output buffer, then a retry cycle of fixed length is performed. 


Ma _ trox Confidential MGA ATHENA Specification Host Interface 6-5 


Direct Read 
This cycle operates under the following parameters: 
" If there is data in the input buffer, then a retry cycle of fixed length is performed. 


. If there is no data in the input buffer, then wait states are generated until ATHENA acknowledges 
the access. A disconnect cycle is performed when TRDY/ is asserted, to avoid burst. 


6.2.1.3 Bus Sizing 


The PCI bus does not support bus sizing. However, internal circuitry performs the bus sizing for the 
following devices: EPROM, I/O accesses, VGA register space in 16K windows (offset 1FOOh -1FFFh), 
and the VGA frame buffer. 


When bus sizing is performed in the PCI interface, the access is performed in LSB/MSB order. 


6.2.1.4 External Devices 


The standard external devices can be connected to the ATHENA as shown in Figure 6-1. 


When only the EPROM and RAMDAC are present, the decoder (138) is not required. If the DUBIC or 
another external device is required, then the decoder must be added to the design. 


When accessing the ‘external devices’ memory space (offset 3COOh-3FFCh), all devices within this 
memory space are 8-bit, connected to byte 0 in the double-word address boundary. Byte, word and 
double-word accesses are allowed, but only byte is valid. Byte3, 2, and 1 are masked by ATHENA. 


You can add other devices by using the EXPSL/ signal and external circuitry. Refer to Table 4-4 
(‘ATHENA Power Graphic Mode Memory Mapping’) and the expdev bit of the CONFIG register 
description (which starts on page 5-52) for details about EXPSL/. 


“* Note: In the PCI configuration, the EXPSL/ signal is never activated with I/O commands. 


The RAMDAC can be accessed by ATHENA in two distinct ways: in VGA mode by an I/O access, or in 
Power Graphic mode by a memory access. For I/O access to the RAMDAC, the ATHENA chip 
guarantees the recovery time between accesses to the palette that are required by some RAMDACs. This 
is guaranteed for pixel clocks that are greater than 10 MHz. For memory access to the RAMDAC, 
ATHENA does not guarantee the recovery time. In this case, the recovery time must be guaranteed by 
software. 
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6.2.2 ISA Interface 


The ISA interface block diagram (Figure 6-2) shows how to connect ATHENA to the ISA bus, as well as 
to the local resources. 


6.2.2.1 Bus Sizing 


Since bus sizing is supported in ISA systems, there are only two limitations: 


|. The first limitation occurs when accessing the ‘vgareg’ portion of the ATHENA memory space 
(offset 1FOOh-1FFFh), with the ATHENA configured as a 16-bit device. Note that the ‘vgareg’ 
memory space can be accessed only in Power Graphic mode (vgaen = ‘0”). 


Only byte accesses are allowed in this mapping. ATHENA will perform byte swapping from, or to, 
the byteO of the internal data bus, since all ‘vgareg’ devices are connected to byteO. If an access is 
performed at an even address, the odd byte will be ignored, and if an access is performed at an odd 
address, the even byte will be ignored. 


2. The second limitation occurs when accessing the ‘external devices’ memory space (offset 3COOh- 
3FFCh), in 8 or 16-bit mode. All devices in this memory space are 8-bit devices connected on 
AD<7:0>, and mapped into a double word address boundary. Byte, word and double word accesses 
are allowed, but only byteO is valid. Byte3, byte2, and bytel must be masked. 
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6.2.2.2 External Devices 


The standard external devices can be connected to the ATHENA as shown in Figure 6-2. Some timing 
restrictions for the external address and data buffers are assumed in order for the ATHENA chip to 
function properly. In addition to satisfying all ATHENA and system timings, the following constraints 
must also be respected. 


1. The address buffers (244 type) must have a propagation delay of 10 ns or less, and an enable time of 
11 ns or less. 


2. The data transceivers must be able to drive the elevated capacitive load of the system data bus, and 
still guarantee a propagation delay of 10 ns or less and an enable time of 12 ns or less. 


ATHENA provides the necessary control signals (HADREN/, HWRDIR, and HDATAEN<3:0>/) for the 
address and data buffers. When they are used as indicated, there is no contention on the multiplexed 
address and data bus. If these signals are modified or not used at all, extreme caution must be exercised, 
because the behavior of the multiplexed bus is not always obvious. During external device accesses in 
particular, the address is driven by ATHENA and not by the address buffer. Refer to Section A.2.3 for 
more information. 


All external devices such as the RAMDAC, DUBIC, and ROM must be connected to byte 0 of the data 
bus. These devices are memory mapped to be double-word aligned. Only byte 0 accesses are allowed; 
accesses to other bytes will cause errors. Word and double-word accesses will cause unpredictable results. 


You can add other devices by using the EXPSL/ signal and external circuitry. Refer to Table 4-4 
(‘ATHENA Power Graphic Mode Memory Mapping’), Table 4-6 (‘I/O Mapping’), and the expdev bit of 
the CONFIG register description (which starts on page 5-52) for details about EXPSL/. Since the 
EXPSW signal can be active in various memory and I/O ranges, you must take care to qualify the strobe 
to limit accesses to the desired range. Specifically, EXPSW may be active in the VGA I/O space, where 
only the 16 least significant address bits are decoded. Depending on how the strobe is used, it may be 
necessary to qualify EXPSW with the memory or I/O command strobe to eliminate any undesired effects. 


The ATHENA chip doesn’t provide any mechanism to guarantee the recovery time between accesses to 
the palette that some RAMDACs require. This constraint is often a function of the pixel clock, and can 
often become significant in length. 


The RAMDAC can be accessed by ATHENA in two distinct ways: in VGA mode by an I/O access, or in 
Power Graphic mode by a memory access. In an ISA implementation, the I/O accesses are rarely a 
problem since the ISA specification for I/O accesses is usually sufficient to guarantee the RAMDAC 
constraint. In any other implementation, this parameter must be guaranteed by the hardware (through 
additional circuitry, if necessary) in order to guarantee VGA software compatibility. For memory 
accesses, since there is no software compatibility issue, the solution can be implemented in the software 
if it isn’t guaranteed by the hardware. 
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6.3 VRAM Interface 


ATHENA connects directly to the VRAM. All addresses and control signals of the random port are 
generated from ATHENA. Serial data and control lines are interfaced directly to the RAMDAC or to the 
DUBIC chip. 


Different memory banks can be populated in order to achieve different resolutions. In every case, the fbm 
field of the OPMODE register selects a specific memory mapping. There are three major groups: 


1. fbm = 000X. In this case no interleave is performed on the memory. In No DUBIC mode, the video 
data is generated either using external multiplexers, or by controlling the VRAM output enable. In 
DUBIC mode, only one DUBIC is required to generate the video data. These modes can support 8, 
16, or 32 bits/pixel formats. This group only supports IMB VRAM. 


2. fbm = 00 1X or fom = 1010. In these cases no interleave is performed on the memory. In No DUBIC 
mode, the video data is generated either using external multiplexers, or by controlling the VRAM 
output enable. In DUBIC mode, only one DUBIC is required to generate the video data. These 
modes can support 8, 16, or 32 bits/pixel formats. This group supports 2MB VRAMs. 


3. fom = 0 1 XX. In these cases, interleave is performed on the memory, and two DUBICs are required 
to generate the video data. These mapping groups only support 24 or 32 bits/pixel. Refer to Section 
3.2.1 for additional information on memory configuration. 


@ Z* Tables 6-1 and 6-2 show the possible configurations in No DUBIC mode and DUBIC mode, 
respectively. If a configuration is not listed, it is not supported, and can’t be used. The columns 
under the resolutions represent the supported pixel depths. 


Mapping Group 1 Resolution 
Memory Bank 768 X 576 
012 3 4 5 6 7 8| fom | 640x480 800x600 1024x 768 1152 x 882 1280x1024 1600 x 1200 
X 0000 16 16 8 8 
xX xX 0000 32 32 16 16 8 8 
000.1 16Z 16Z 
Mapping Group 2 Resolution 
Memory Bank 768 x 576 
0123 4 5 6 7 8| fbm | 640x480 800x600 1024x 768 1152 x 882 1280x1024 1600x1200 
xX 0010 32 32, 16 16 8 8 
1010 16Z 16Z 
5 ae. 0010 32Z 32Z 32/16Z 32/162 16 16 


Table 6-1: Frame Buffer Config. (No DUBIC M ode) 


Legend: 
X Bank is fully populated 
0 Bank is optionally populated 
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Mapping Group 1 
Memory Bank 


Resolution 


768 xX 576 


0123 45 6 8| fom | 640x480 800x600 1024x 768 1152 x 882 1280x1024 1600 x 1200 
x O 0000 16 16 8 8 
xX xX_O 0000 16Z 16Z 8Z 8Z 
xX X oO 0000 32 32 16 16 8 8 
0001 16Z 16Z 
x xX x_O 0000 32Z 32Z 16Z 16Z 8 8 
Mapping Group 2 Resolution 
Memory Bank 768 x 576 
0123 45 6 8 | fom | 640x 480 800x600 1024x 768 1152 x 882 1280x1024 1600x1200 
4 0 0010 32 32 16 16 8 8 
1010 16Z 16Z 
xX X 0 0011 32Z 16Z 16Z 
0010 32 16 8 8 
XX 00 0010 322 32Z 32/162 32/16Z 16 16 
xX x oO 0010 32Z 32Z 32/16Z 32/16Z 16 
0011 16Z 
Mapping Group 3 Resolution 
Memory Bank 768 x 576 
01 2 3 4 5 6 7 8) fbm | 640x480 800x600 1024x768 1152x882 1280x1024 1600 x 1200 
| _ee ox {om { 2 _{ 24 | ma {| ma |_| 
Sia ss. oa 
4 xO 0100 i ae eee ee 
Pi KR Os | Ot00 | B97 fan ae ee 
P PPO X ee 
xX X X O 0101 32 
xX xX X XO ronor| soz | ae | aoe | ae | 
Mapping Group 4 Resolution 
Memory Bank 768 x 576 
012345 6 8 | fom | 640 x 480 800 x 600 1024 x 768 1152 x 882 1280 x 1024 1600 x 1200 
PP X_O 0 | 0110 24Z 24Z 24Z 24Z. 
XX x_O 0 | 0110 32Z 322 32Z 322 
P P PX O 0 | 0111 24Z 24Z 24Z 24Z 24 
xX xX X X_O O| 0111 32Z 32Z 322 32Z 32 
PP PX O X | 0111 24Z 24Z 24Z 24Z, 24Z 
X X X X_O X | 0111 32Z 327 32Z 322 32Z 
Table 6-2: Frame Buffer Config. (DUBIC Mode) 
Legend: X Bank is fully populated 
P Bank is partially populated: VD<55:32> and VD<23:0> 
0 Bank is optionally populated 
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Bank 0: 


Bank 1: 


Bank 2: 


Bank 3: 


Bank 4: 


Bank 5: 


Bank 6: 
Bank 7: 


Bank 8: 


The nine memory banks are explained below: 


8 x 128K x 8 VRAM. This memory is used as the frame buffer and is connected to 
VD<63:0>. 


8 x 128K x 8 VRAM. This memory is used as the frame buffer and is connected to 
VD<63:0>. This bank can also be used as a Z depth buffer when fom = 1. 


8 or 6 x 256K x 8 VRAM. This memory is used as the frame buffer. In the fom = 2,3 
configurations, eight chips are used, connected to VD<63:0>. In the fbm = 4, 5, 6, and 7 
configurations, six or eight chips are used. The six-chip configuration is for 24 bits/pixel, 
and the chips are connected to VD<55:32> and VD<23:0>. 


8 or 6 x 256K x 8 VRAM. This memory is used as the frame buffer. In the fom = 2,3 
configurations, eight chips are used, connected to VD<63:0>. In the fom = 4, 5, 6, and 7 
configurations, six or eight chips are used. The six-chip configuration is for 24 bits/pixel, 
and the chips are connected to VD<55:32> and VD<23:0>. This bank can also be used as 
a Z depth buffer when fom = 2 and fbm = 3. 


8 or 6x 256K x 8 VRAM. This memory is used as the frame buffer. The eight chip 
configuration is used for 32 bits/pixel, and the chips are connected to VD<63:0>. The six 
chip configuration is used for 24 bits/pixel, and the chips are connected to VD<55:32> 
and VD<23:0>. 


4x 256K x 16 DRAM. This bank is used as off-screen memory or as a depth buffer. Bank 
5 is connected to VD<63:0>. 


1x 256K x 4 VRAM. This memory is used as the ZTAG. It is connected to ZTAG<3:0>. 


1 x 64K x 16 DRAM. This memory is used to fill up the VRAM Data bus to 64 bits for 
configurations where only 24 bits are supported. This allows some offscreen areas to be 
used for font storage. This bank is connected to VD<63:56> and VD<31:24>. 


4 x 256(64)K x 16 DRAM. This memory is used as off-screen memory or as a depth 
buffer. Bank 8 is connected to VD<63:0>. 


6.3.1 Memory Interleave 


In order to have enough bandwidth for 1280 x 1024 x 24 bits, some modes use interleave schemes to 
address the frame buffer. The memory interleave is selected when fom = 01XX. Interleave is performed 
only in the VRAM (Banks 2, 3, and 4). The interleave is done on a four-slice basis, which means that 
four consecutive slices are put in one bank, then the next four slices are put in the other bank and so on. 
This four-slice scheme was chosen to make block mode operations easier. 


For example, at the beginning of the frame buffer in 32 bits/pixel, the pixels are arranged as follows 
between the two banks: 


Slice 
[of 1]2/3/4]5/6]7/8|9hol--[-- 
Banka (22l4le lohee|~ 

Lsisl 179 
Bhlofi2ia : 
ies Offa's 


Figure 6-3: Pixel Arrangement 
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For fom = 4 and 6, Banks A and B are assigned as follows: 


Address 
(Bytes) 
00000h-3 FFFFFh 


For fom = 5 and 7, Banks A and B are assigned as follows: 


Address Bank 
(Bytes) A B 
00000h- 1 FFFFFh 2 4 
20000h-3 FFFFFh 2 3 
40000h-5FFFFFh 4 3 


6.3.2 Patch RAM 


The patch RAM is an optional device. Since for fom = 01XX only 24(32) bits/pixel are supported, there’s 
no need to populate the complete 64 bit data bus. However, offscreen memory can be used for font 
caching, patterns, and so on. Since the offscreen area accesses must be 64 bits, and the unused display 
bits are not contiguous, the patch RAM ‘patches up the gaps’ to support 64-bit data in the offscreen 
memory while the display area is only populated for 24 bits/pixel. 


Since the patch RAM isn’t used for video, normal DRAM can be used. Refer to Section 3.2.1 ‘Memory 
Configurations’ for more information about where the patch RAM is mapped. 


If Banks 2, 3 and 4 are fully populated, the patch RAM can’t be used. Also, if DRAM is added to the 
system, the patch RAM may not be required, since some offscreen space will be available. 


6.3.3 ZTAG RAM 


ZTAG RAM is another optional device. The purpose of the ZTAG is to accelerate clearing of the depth 
buffer during animation. Since the depth buffer can be implemented in DRAM, and the ZTAG is in 
VRAM, the ZTAG can be cleared four times faster than the DRAM (using block mode). 


Here are the principles of ZTAG use: 
. A bit is assigned in ZTAG for each pixel in the Z buffer 
= The ZTAG bit indicates whether or not the value in the Z buffer is valid 
» The ZTAG is cleared (rather than the depth buffer) 
. Each time a pixel is updated, the ZTAG is set 


. When the Z buffer is invalid, depth comparision is done by means of an internal background depth 
value. 


Since the ZTAG uses a separate pin on the ATHENA chip, it can be updated in parallel with the frame 
buffer when 16 bits/pixel is selected. The ZTAG is optional, since it can be disabled in ATHENA. 


6.3.4 MCTLWTST Register Timings 
The MCTLWTST (Memory Control Wait State) register is described in detail in Chapter 5. The 


following figures show the various cycles that are generated by the drawing engine. At the top of each 
timing diagram, the field of MCTLWTST that specifies the length of this state is shown. 
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Figure 6-4: MCTLWTST for Direct Access Cycle 


@ :a During a direct read access, a state is added between RC-HD and R_PR, using the MCTLWTST 
wait field. This state has the same effect as the R_PR field on VRAM signals. 


MCTL_WR [_ pFLT X wait X R_ su XR wD X c su X ¢c HD X_R PR X__DFLT 


GCLK / \ a a ae a j \ poy pF pith oh ; 
RASN ———s\ f 


CASN \ / 


7 a 1 \ es 


DSFN f SPLIT H, NORMAL L \ 


OEN \ { 


Figure 6-5: MCTLWTST for Data Transfer Cycle 
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Figure 6-6: MCTLWTST for Page Write and Page Read Cycle 
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Figure 6-7: MCTLWTST for Refresh Cycle 
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Figure 6-8: Page Read-M odify-W rite/Anti-aliasing Cycle 
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Figure 6-9: MCTLWTST for Page ZI Cycles 
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6.3.5 VRAM Interconnect 


Two operation modes are supported (No DUBIC mode, and DUBIC mode). 


In DUBIC mode, the ATHENA chip works in conjunction with the MGA DUBIC chip to control the 
VRAM and RAMDAC. All memory configurations are supported. This mode offers more flexibility, but 
is slightly less economical due to the requirement of the DUBIC chip. 


In No DUBIC mode, the ATHENA chip directly controls the VRAM and RAMDAC, so there is no need 
for a DUBIC chip. Note that only Banks 0 to 3 can be populated. While this mode permits a smaller 
number of configurations, the possibility of memory conflict is reduced. 


In both cases, the random port of the VRAM is interconnected the same way. The only difference is that 
since No DUBIC supports a smaller number of configurations, less control signals are available. In No 
DUBIC mode, only RAS<1:0>/, CAS<1:0>/, and OE<1:0>/ are generated by ATHENA. 


VAA<13:0> The address connection between the ATHENA and the VRAM depends on the Bank, the 

VAB<6:0> —fbm, and the location of the VGA. The following tables show the different possibilities. 
Whenever possible, it would be preferable to attempt to distribute the load evenly 
between every address (if 16 memory chips require Bit 6 of the VAA and VAB buses, 
attach eight bits to VAA<6> and eight bits to VAB<6> to equalize the load). 


Legend: *! When ‘Y ’, the VGA frame buffer is implemented in this bank. When ‘N’, the VGA 
frame buffer is not implemented in this bank. 
*2 For all addresses, ‘A’ indicates a signal on the VAA bus, ‘B’ indicates a signal on 
the VAB bus, and no letter indicates a signal on either bus. 
*3 For Banks 0 to 4, address ordering is very important and should be respected. For Banks 
5,7, and 8, address ordering can be changed, except for the addresses which are not used 
at column time. For Bank 6, address ordering can be changed, except for Addresses 0 and 1. 


Example: The following table indicates, for example, that to access Bank 2 with fom = 0010 and no 
VGA frame buffer, memory address 7 can connect to ATHENA address 7 (VAA bus), or 12 (VAA bus), or 
8 (VAA bus). Memory address 6 can only connect to ATHENA address 6 (VAA or VAB bus). 
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Address *2*3 
Bank | fom | VGA *1 | Condition Oe SRN Te Ge he Ba DO 
0 000X Y VD<31:0> 9A 8A 6A 5A 4A 3A 2A JA OA 
10A 7 A 
VD<63:32> BA 122A 6B 5B 4B 3B 2B 1B OB 
N 9A 8A 6 5 4 3. 2 1 0 
13A 12A 
10A 7A 
ooox N 9A 8A 6 5 4 3 2 1 0 
13A 12A 
10A__7A 
2 0010 Y VD<15:0> 10A 7A 6A 5A 4A 3A 2A 1A OA 
8A 
VD<47:32> 13A_12A 6B 5B 4B 3B 2B 1B OB 
VD<63:48,3 1: 16> 10A 7A 6 5 4 3 2 1 0 
13A 12A 
1A 8A 
N 10A 7A 6 5 4 3 2 | 0 
13A 12A 
LIA 8A 
0011 Y VD<15:0> 10A 7A 6A 5A 4A 3A 2A 1A OA 
VD<47: 32> 13A 12A 6B 5B 4B 3B 2B 1B OB 
VD<63:48, 31:16> 100A 7A 6 5 4. 3 2 l 0 
13A 12A 
LIA 
N VD<63:48, 31:16> 100A 7A 6A 5A 4A 3A 2A IA OA 
13A 12A 
1A 
1010 Y VD<15:0> 10A 7A 6A 5A 4A 3A 2A IA OA 
8A 
VD<47:32> 13A  12A 6B 5B 4B 3B 2B 1B OB 
VD<63:48, 31:16> 100A 7A 6 5 4 3. 2 | 0 
13A 12A 
8A 
VD<63:48, 31:16> 100A 7A 6 5 4 3 2 0 
13A 12A 
8A 
XIXX Y VD<15:0> 10A 7A 6A 5A 4A 3A 2A 1A__OA 
VD<47:32> 13A 122A 6B 5B 4B 3B 2B 1B OB 
VD<63:48,31:16> 1A 7A 6 5 4 3. 2 1 0 
13A_12A 
N 10A 7A 6 5 4 3 2 | 0 
13A 12A 
3 X010 N 10A 7A 6 5 4 3 2 0 
13A 12A 
HA 8A 
0011 N 111A 8A 6 5 4 3 2 | 0 
10A 
13A 
OIxXxX N 10A 7A 6 5 4 3 2 0 
13A_12A 


(continued on the next page) 
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Address *2*3 
Bank fom VGA *] Condition 9 8 7 6 5 4 3 2 I 
4 O1XX N 9A TA 6 5 4 3 ] 
12A 
5 000X N ORAS 9CAS WA 7A 6 5 4 3 2 1 0 
10 RAS 8 CAS 9A 1A 7A 6 5 4 3 2 1 0 
12A 
8A 
0011 N ORAS 9CAS 11A 7A 6 5 4 3 2 1 0 
10A 112A 
1A 
10 RAS 8 CAS 9A IIA 7A 6 5 4 3 2 1 0 
12A 
x010 N 9 RAS 9CAS WA 7A 6 5 4 3 2 1 0 
10A 12A 
13A 8A 
10RAS 8 CAS 9A IIA 7A 6 5 4 3 2 1 0 
10A 12A 
13 A 8A 
O1XX N ORAS 9CAS TA IIA 6 5 4 3 2 1 0 
12A 
10RAS 8 CAS 8A 7A IIA 6 5 4 3 2 1 0 
12A 
6 000xX N WA 7A 6 5 4 3’ 2 1 0 
12A 
8A 
x010 N 1A 7A 6 5 4 3 2 1 0 
10A 12A 
13 A 8A 
0011 N 11A 7A 6 3: 4 3 2 1 0 
10A 12A 
13A 
O1XX N 1IA 7A 6 h} 4 3 2 1 0 
4 12A 
010x N 8A IIA 5 4 3 2 1 
8 Ol1x N 256K x 16 TA IIA 6 5 4 3 2 1 0 
9 RAS 9CAS 12A 
256K x 16 8A 7A IIA 6 5 4 3 2 1 0 
10 RAS 8 CAS 12A 
128K x8 6 8A IIA 5 4 3 2 1 
64Kx 16 8A IIA 5 4 3 2 ] 


Table 6-3: ATHENA/VRAM Address Connection 
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RAS<4:0>/ ~—RAS/ strobe. Used for bank selection. Five different RAS/ strobes (two strobes in No 
DUBIC mode) are generated by ATHENA. The following table shows how ATHENA’s 
RAS/ strobes are mapped to VRAM chips for each memory configuration. 


RAS 


fom 8 7 4 3 2 1 0 


0000 
0001 
0010 
0100 4 
0101 4 
0110 4 

O11] 4 

1010 


N [SY JO fr PY fr [Pr ]P |] A 


IL I JA JA [A IR IRI AW 


oj jo jo ]c }|o 
= 


Table 6-4: RAS Assignment 


For example: to access Bank 4 with fom = 0101, you must use RAS<3>/. 


CAS<4:0>/ = CAS/ strobe. Used for final bank selection during write cycles. There are five different 
CAS/ strobes (two strobes in No DUBIC mode) generated by ATHENA. The table below 
shows how ATHENA’s CAS/ signals are mapped to VRAM chips for each memory 
configuration. 


OE<4:0>/ DT/OE strobe. Used for final bank selection during read cycles. There are five different 
DT/ strobes (two strobes in No DUBIC mode) generated by the ATHENA. The table 
below shows how the DT/ signals generated by ATHENA are mapped to VRAM chips for 
each memory configuration. 


CAS/ or OE/ 
fom a a a ae eee ee 
0000 2 2 I 0 
0001 2 D, | 0 
0010 2 2 0 | 
0100 4 2 2 0 1 
0101 4 2 2) 3 0 l 
0110 4 2 2 0 l 
Olll 2 2 3 0 | 
1010 2 2 0 i 


Table 6-5: CAS and OE Assignment 
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WT<7:0>/ ~~ Write strobe. The Write strobes are used for pixel selection. Because the minimum pixel 
size is 8 bits/pixel, there is one strobe per byte. 


DSF<1:0> Special function pin of the VRAM. This pin permits different types of data transfer 
(split — normal) simultaneously in different banks. 


DSF 

fom 8 7 6 5 4 3 2 | 

0000 x x 

0001 x xX x 
0010 x x x 

0100 Xx x x 

0101 xX 0 l 0 

0110 xX x x 

0111 x 0 l 0 

1010 x x x 


X = ‘don’t care’ 


Table 6-6: DSF Assignment 


6.3.6 Coprocessor Requests 


Two pins permit sharing of the VRAM bus: BACK/ (generated by ATHENA) and BRQ/ (generated by 
the coprocessor). This handshaking can be synchronous or asynchronous on GCLK. 


When it releases the bus to the coprocessor, the ATHENA chip brings all VRAM control signals high 
before putting them in tri-state. The coprocessor should do the same thing when releasing the bus. This 
procedure guarantees that no false access will be performed on the memory. 


Figure 6-10 shows the normal sequence when the coprocessor requests and releases the bus. 
Xo] mms a i a 
bbrqN *\, oe | 2 a eee 
bbackN 


Control ° AAS / > x Coprocessor a ATLAS 


Data 


Figure 6-10: Normal Request and Release of the Bus 


In order to allow the ATHENA chip to perform refresh cycles, the coprocessor must release the bus every 
10 uS, for a minimum of one clock cycle. When the coprocessor releases the bus for only one clock 
cycle, ATHENA processes only the high priority refresh cycle. This is shown in Figure 6-11. Since the 
co-processor must generate a pulse of 1 GCLK on BRQ/, this cycle can only be used with a co-processor 
that generates a synchronous handshake. If this is not the case, the co-processor must release the bus 
every 10 us for refresh, or else perform refresh on the VRAM. 
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Shee on | came lp Gs Oc Ue OF FP KG 
bbroN 2 / \ 3 YN 


bbackN 


Control Coprocessor | Coprocessor 


Data 


Figure 6-11: 1 gclk Release for R efresh 


Finally, the ATHENA chip will notify the coprocessor that it requires the bus for a data transfer by 
removing the BACK/ signal. In this case, the coprocessor has a maximum of 20 clock cycles within 
which it must return the bus to the ATHENA. This is shown in Figure 6-1 2. 


back SIAN AAA AANAs 


bbrqn 


bbackN -/ 


Control : Coprocessor 7 NX ATLAS 
Data ya 


Figure 6-12: ATHENA R equest for Data Transfer 


6.4 VIDEO Interface 


The video interface is different for Power Graphic mode and VGA mode. As well, Power Graphic mode 
supports the following two configurations: No DUBIC mode and DUBIC mode. 


6.4.1. Power Graphic Mode (No DUBIC Mode) 
In ‘No DUBIC’ mode, ATHENA itself is responsible for generating all the control signals for the VRAM 


serial port and RAMDACs. There are three possible configurations. 


*" No mux: This configuration uses the output enable pins of the VRAM to multiplex the video data to 
a 32-bit bus. This is shown in Figure 6-13. 


" 32-bit RAMDAC: This configuration is compatible with MGA ATLAS chip, and requires 
multiplexers to generate the video data to the RAMDAC. This is illustrated in Figure 6-14. 


= 64-bit RAMDAC: This configuration is compatible with the MGA ATLAS chip, and uses a 64-bit 
RAMDAC (such as the TI VIEWPOINT). In this case, no external multiplexers are required, since 
the RAMDAC’s pixel port size matches that of the external memory interface. This is shown in 
Figure 6- 15. 
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BANK 
Oor2 $D<63:32> 
-—isc 2 
SO El 
ous 
Oo D3 10> 
SC 7 
SOE/ 
——______—_—_——————-  PX(D:\A)<7:0> 
Sc1SCO SOEO/ SOE 1/ BI485 
-VEN|,__/-_______—_ -EVEN 
CDE. CDE 
ATHENA BLANK > BLANK 
VIDCLK ¢—____Y]_ CLK 
EXTA<5,4,1,0>_—_—-—-—- A 10> 
EXTD<7:0> |v D<7:0> 
VGAD<7:0>  V<7:0> 
LDCLK * LCLK 
_DACRD % _DACRD 
_DACWR > _DACWR 
-RESET_§ -———_ RESET 
From Clock Generator ——————_> PCLK 


Figure 6-13: ATHENA/Memory Connection 32 Bit No MUX 


SD<63:32> 


D<31 :0> 


SOEO/ SOE1/ 


SM UXL 
-EVEN 

CDE 
-BLANK 
VIDCLK 
EXTA<5,4, 1,0> 
EXTD<7:0> 
VGAD<7:0> 
LDCLK 
_DACRD 
_DACWR 
-RESET 


> 
> 
(>A 


From Clock Generator ——————+» 


PX(D:A)<7:0> 


BI485 


-EVEN 
CDE 
-BLANK 
CLK 
A<3:0> 
D<7:0> 
V<7:0> 
LC LK 
_DACRD 
_DACWR 
_RESET 
PCLK 


Figure 6-14; ATHENA/Memory Connection to 32 Bit RAMDAC 
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S$D<63:0> 


Y02 VCLK SCLK 
P<63:0> 
SOEQ/SOEI/ 
_HSYNC _SYSHS 
VGAHS 
SYSVS 
ATHENA + ven 
CDE _SYSBL 
_BLANK _VGABL 
VIDCLK ONS 
EXTA<5,4,1,0> RS<2:0> 
EXTD<7:0> D<7:0> 
VGAD<7:0> @ = VGA<7:0> 
LDCLK % CLKO 
_DACRD _DACRD 
_DACWR e}| =_DACWR 
-RESET @| -RESET 
From Clock Generatorp——_—__—_____—_>__ CLK] 
1/01 8 6 RCLK LCLK 


PD 


Figure 6-15: ATHENA/Memory Connection to 64 Bit RAMDAC 


6.4.2 Power Graphic Mode (DUBIC Mode) 


In Power Graphic mode when a DUBIC chip is present ((DUBIC mode’), controls are generated that 
cause the DUBIC chip to generate serial clocks to the VRAM as well as blank and sync signals for the 
video output. 


In this mode, only the VIDINF pins are used for video generation. 


VIDINF <3:0> | Code Description 
0000 Horizontal and vertical sync and blank 
0001 Horizontal syne and blank 
0010 Vertical sync and blank 
0011 Blank 
0100 Display border color 
0101 Active video 
0110 Bank switching 
0111 Vertical sync and blank (field 1) 
1000 Data transfer in the current bank 
1001 Bank switching and data transfer in the next bank 
1110 Backward bank switch 


Table 6-7: Power Graphic Mode Video Generation 


Refer to the DUBIC Specification for more information on interconnecting the VRAM serial port, 
RAMDAC, DUBIC, and ATHENA. 


6-24 Chapter 6: Hardware Interface MGA ATHENA Specification Matrox Confidential 


6.4.3 VGA Mode 


In VGA mode, ATHENA outputs different video signals, according to whether or not the system is 
operating in No DUBIC mode or in DUBIC mode. Refer to Table 6-8 for the signal assignment. 


| Signal Description | No DUBIC Mode DUBIC Mode | 
| Pixel clock LDCLK VIDINF<3> 
Blanking signal BLANK/ 
Horizontal sync signal HSYNC/ VIDINF<1> 
Vertical sync signal VSYNC/ 
VGA data <7> VAA<I1> VAA<I1> 
VGA data <6> VGAD<6> OE<2>/ 
VGA data <5> VGAD<5> —{ OB<4>/ 
VGA data <4> VGAD<4> QE<3>/ 
VGA data <3> VGAD<3> ZTIAG<3> 
LA {VG Stas 
VGA data <2> VGAD<2> ZTAG<2> 
VGA data <I> VGAD<1> ZTAG<1> 
VGA data <0> VGAD<0> ZTAG<0> 


Table 6-8: VGA Signal Assignment 


6.4.4 Slaving ATHENA 


The VIDRSTN input pin of the chip is used to synchronize the MGA video with other external video 
sources. 


Inside the CRTC circuitry, there are two ‘total compare’ signals (one for the horizontal counter, and one 
for the vertical counter). These signals reset the corresponding horizontal or vertical counter, based on the 
total values programmed in the registers. 


Like the total compare signals, the VIDRSTN signal resets the horizontal and vertical counters. In other 
words, the VIDRSTN signal is responsible for initially synchronizing the video circuitry when it is 
necessary to get in phase with another video source. Two bits in the CRT'C_CRTL register are used to 
enable the reset of either or both of the counters. 


The VIDRSTN signal is periodic and must have exactly the same period as that obtained by the 
programmed video parameters. The period of VIDRSTN is either the same as the period of one line, or 
the same as the period of one frame (depending on the kind of synchronization that is necessary). 


The first application of the signal will create a momentary instability in the video signals (blank, syncs, 
etc.). After this, the CRTC counters will be in phase with the VIDRSTN signal, and video signal 
generation will become stable. 


When the vertical reset is used, the VIDRSTN signal is maintained internally until the next vertical clock 
(which is the horizontal retrace ~ this is also when the vertical counter is reset). It is necessary to send a 
VIDRSTN pulse of only one clock in length, once per frame (even in vertical reset). 


In VGA mode, the VIDRST signal must be maintained active for a minimum of 8 VIDCLKs. In Power 
Graphic mode, VIDCLK is always divided by 8, so VIDRST can be maintained for only one VIDCLK. 


The following figures illustrate the video signal waveforms and counters in relation to the video reset 
input signal once the CRTC is in phase with the video reset signal (VIDRSTN). The counter numbers are 
provided as sample values for a resolution of 1024 x 768. 
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Figure 6-17: Vertical Video Reset (eg. 1024x768) 
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Appendix A: Technical Data 


This appendix contains the electronic and mechanical technical 
information for the Matrox MGA ATHENA chip, including the pin list and 
timing information. 


A.1 Pin List 


When groups of pins are listed together, they’re presented in order from MSB to LSB. 


A.1.1 Host Interface (ISA Configuration) 


Name No. of pins 
A<23:16> 8 VO 
A<7:0> 8 /O 
AD<15:8> 8 1/0 
D<7:0> 8 V/O 
HADREN/ | 0 
HDATAEN<!1 :0>/ 2 0 
HWRDIR | 0 
AEN | I 
MCS16/ | 0 
CHRDY 1 0 
CHRDYEN/ | 0 
REFRESH/ | I 
MRDC/ 1 I 
MWTC/ 1 I 
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Type Description 


Partial Address bus. Not multiplexed. 
Pins: 10 17 29 48 97 =143 = «144175 


Partial Address bus. Not multiplexed. 
Pins: 162 153) 127) 126 125, 124 123s 113 


Address and Data multiplexed bus. 
Pins: 152 1340 133 112s MI 103-102 98 


Partial Data bus. Not multiplexed. 
Pins: 74 58 57 49 38 30 19 18 


Host ADdRess ENable. External address buffer enable. 
Pin: 96 


Host DATA byte ENable bus. External data buffer enable signals. 
Pins: 142 70 


Host WRite DIRection. External data buffer direction control 
signal. 
Pin: 158 


Address ENable signal. Prevents IO decodes during DMA cycles. 
Pin: 55 

Memory Chip Select 16 signal. 

Pin: 90 


ReaDY signal. 
Pin: 116 


This pin can be used to enable an external CHRDY buffer so 
that the bus ready signal is driven high before being disabled. 
Pin: 105 


REFRESH cycle signal. Prevents memory decodes during bus 


refresh cycles. 
Pin 86 


Memory ReaD Control strobe. 
Pin: 82 


Memory WriTe Control strobe. 
Pin: 84 
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Name No. of pins Type Description 


IORC/ 1 I V/O Read Control strobe. 
Pin: 91 

IOWC/ 1 I V/O Write Control strobe. 
Pin: 106 

BALE 1 I Bus Address Latch Enable signal. 
Pin: 69 

SBHE/ 1 I System Bus High Enable signal. 
Pin: 99 

IRQ 1 0 Interrupt ReQuest signal. 


- The same interrupt is used for ATHENA and VGA. 

- A shared interrupt protocol is used in Power Graphic mode, 
but not in VGA mode. 

- There is a rising edge trigger (ISA type) interrupt in VGA mode. 

- There is a negative level interrupt option in Power Graphic 
mode. 

- Open collector output. 

Pin: 171 


NMI/ 1 0 Generate an NMI to the host CPU for CGA-Hercules CRTC 
register emulation. This pin is connected to the IOCHW pin on 
ISA. It is useful only if the ATHENA VGA is used. 
Pin: 83 

DECODE< | :0>/ 2 I Optional high level DECODE pins which should be pulled down 
when not used. Refer to the map table in the CONFIG register 


description in Chapter 5 (page 5-52) for more information. 
Pins: 73 72 


ISA 1 0 Indicates that the ATHENA is operating in the ISA configuration 
and not in the PCI configuration. 
Pin: 56 

DRQ 1 0 DMA ReQuest signal. Refer to Section 3.2.4 for more 


information. 
Pin: 104 


DAK/ 1 I DMA AcKnowledge signal. Refer to Section 3.2.4 for more 
information. 
Pin: 157 


TC 1 I Terminal Count signal. Refer to Section 3.2.4 for more 
information. 
Pin: 118 


PU 2 I Connected to a pull-up. 
Pins: 107, 115 


NC 2 0 No Connect signals. 
Pins: 114 156 
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A.1.2 Host Interface (PCI Configuration) 


Name 


PCLK 


PCBE<3:0>/ 


PAD<3 | :0> 


PPAR 


PFRAME/ 


PTRDY/ 


PIRDY/ 


PDEVSEL/ 


PSTOP/ 


No of pins 


| 


32 


Type Description 


I 


VO 
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This CLocK provides timing for all transactions on PCI. 
Pin: 86 


PCI Bus Command and Bytes Enables are multiplexed on the 
same PCI pins. During the address phase of a transaction, 
PCICBE<3:0> defines the bus command. During the data phase, 
the PCICBE<3:0> signals are used as byte enables. 

Pins: 156 114 142 70 


Address and Data multiplexed bus. During the first clock of 
a transaction PCIAD<3 | :0> contains a physical address; during 
subsequent clocks PCIAD<3 1 :0> contains data. 
Pins: 10 17 29 48 97 143 144 175 
162 153 127) 126 125) 124 123 113 
152. 134 133 112 111 103. 102 98 
74 58 eH 49 38 30 19 18 


PARity is even across PCIAD<3 | :0> and PCICBE<3:0>. Parity 
is generated during read data phases. 
Pin: 83 


Cycle FRAME indicates the beginning and duration of an access. 
Pin: 96 


Target ReaDY indicates the ATHENA chip’s ability to complete 
the current data phase of the transaction. It is used in conjunction 
with IRDY/. Wait cycles are inserted until both IRDY/ and 
TRDY/ are asserted together. 

Pin: 82 


Initiator ReaDY indicates the initiating agent’s ability to complete 
the current data phase of the transaction. It is used in 

conjunction with TRDY/. Wait cycles are inserted until both 
IRDY/ and TRDY/ are asserted together. 

Pin: 116 


DEVice SELect, when actively driven, indicates that the ATHENA 
chip has decoded its address as the target of the current access. 
Pin: 84 


STOP indicates that ATHENA is requesting that the master device 
halt the current transaction. 
Pin: 91 
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PINTA 


PIDSEL 


INTerrupt ReQuest signal. 

- The same interrupt is used for ATHENA and VGA. 

- A shared interrupt protocol is used in Power Graphic mode, 
but not in VGA mode. 

- There is a rising edge trigger (ISA type) interrupt in VGA mode. 

- There is a negative level interrupt option in Power Graphic 
mode. 

- Open collector output. 

Pin: 171 


Initialization Device SELect is used as a chip select in lieu of the 
upper 24 address lines during configuration read and write 
transactions. 

Pin: 105 


A.|.3 External Device Interface (ISA Configuration) 


Name 


DACRD/ 


DACWR/ 


ROMEN/ 


DEVWR/ 


DUBICSL/ 


VIWICSL/ 


EXPSL/ 


CLKGEN< | :0> 


No. of pins 


1 


Type Description 

0 ramDAC ReaD control strobe. 
Pin: 138 

0 ramDAC WRite control strobe. 
Pin: 137 

0 BIOS ROM ENable strobe. 
Pin: 117 

0 external DEVice WRite. This pin indicates if the current external 
device cycle is a read (1) or a write (0). 
Pin: 109 

0 DUBIC SeLect strobe. This pin works in conjunction with the 
DEVWR’ signal. 
Pin: 154 

0 VIWIC SeLect strobe. This pin works in conjunction with the 
DEVWR’ signal. 
Pin: 155 

0 EXPansion SeLect control strobe. This pin can be used as the 
VGA expansion write signal or for other expansion devices when 
EXPDEV/ is active. In this case, external decoding circuitry is 
required. 
Pin: 141 

0 Clock generator control bits. These bits come from the VGA 
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Miscellaneous Output Register 3C2<3:2>. 
Pins: 129 128 


MGA ATHENA Specification Pin List A-5 


A.|.4 External Device Interface (PCI Configuration) 


Name 


EXTA<6:0> 


EXTD<7:0> 


ROMEN/ 


EIRQ/ 


DACRD/ 


DACWR/ 


CLKGEN< 1 :0> 


EXTALEN 


DEVRST/ 


No of pins 


7 


Type Description 


0 


1/0 


A-6 Appendix A: Technical Data 


EXtTernal device Addresses. If external devices are enabled, 
the EXTA<3:2> bits are used as second and first decoder 
addresses, and EXTA<6> is used as a R/W signal. 

Pins: 158 157 118 69 154 155 141 


EXTemal Device data bus. This bus is also used as EXTA<14:7> 


for EPROM accesses. 
Pins: 115 56 104 107 99 55 73 72 


BIOS ROM output ENable signal. This pin is also used as the 
chip select by the external decoder for other external devices. 
Pin: 117 


External device Interrupt ReQuest. 
Pin: 90 
RAMDAC ReaD control signal. If external devices are enabled, 


this bit is used as the decoder enable strobe. 
Pin: 138 


RAMDAC WRite control signal. If external devices are enabled, 
this bit is used as the third decoder address. 
Pin: 137 


CLocK GENerator control bits which emanate from the VGA 
Miscellaneous Output register (3C2<3:2>). 
Pins: 129 128 


EXTernal Address Latch. This pin is used to latch the MSB 
addresses in an external latch when an EPROM access is 
performed. This pin is also used as a chip select on the EPROM, 
and as a positive chip select by the external decoder for other 


external devices. 
Pin: 106 


DEVice ReSeT. Reset output generated for local devices. 
Pin: 109 
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A.1.5 Drawing Engine (No DUBIC Mode) 


Name 


VD<63:0> 


VAA<13:0> 


VAB<6:0> 


RAS< 1 :0>/ 


CAS< 1 :0>/ 


OE<1:0>/ 


WT<7:0>/ 


DSF< 1 :0> 


BRQ/ 


BACK/ 


No of pins 


64 
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Type Description 


/0 
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Video Data bus. These pins are connected to VRAM and DRAM. 
Pins: 131 136 «6147 148 s«149_~—s«165 166 =: 167 
168 176 177) «©178 = =6©182 = 183 «184185 
195 196 197 203 204 205 206 212 
213,50 2140-215) 216224 225,226) 232 
233. 2340-235) 236) 237 8 9 14 
15 16 25 26 27 28 34 35 
36 37 42 43 44 53 54 62 
63 64 65 75 76 77 87 93 


VRAM and DRAM multiplexed addresses. This bus includes 
all of the different addresses that must be generated for all banks 
of VRAM and DRAM. Refer to Table 6-3 for more information. 
Pins: 146 164 186 86187 188 §=©198 =: 189 

199 217 218 3 23 33 94 


VRAM and DRAM multiplexed addresses. This bus includes 
all the addresses that are the same for Power Graphic mode 
(duplicated for load distribution) but different in VGA mode 
(for character modes). Refer to Table 6-3 for more information. 
Pins: 207. 208 =©227~— 231 22 32 78 


RAS/ strobe, used for bank selection. Five different RAS/ 
strobes are generated by ATHENA. Refer to Table 6-4 for more 
information. 

Pins: 238 =—239 


CAS/ strobe, used for final bank selection during write cycles. 
Five different CAS/ strobes are generated by ATHENA. Refer to 
Table 6-5 for more information. 

Pins: 12 39 


DT/OE strobe, used for final bank selection during read cycles. 
Five different DT/ strobes are generated by ATHENA. Refer to 
Table 6-5 for more information. 

Pins: 163-173 


WriTe strobes, used for pixel selection. Because the minimum 
pixel depth is 8 bits/pixel, there is one strobe per byte. The 
ninth strobe is unused. 

Pins: 174 209 219 13 45 46 51 52 


Special Function pin of the VRAM. This pin permits different 
types of data transfer (split/normal) simultaneously in different 
banks. Refer to Table 6-6 for more information. 

Pins: 68 135 


Co-processor VRAM Bus ReQuest. 
Pin: 6 


ACKnowledge from ATHENA of the VRAM bus request. 
Pin: 7 
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Video Data bus. These pins are connected to VRAM and DRAM. 
Pins: 131 136 6147) «148 149) «165 s«166~—«167 
168 176 177) «178 = =6182 = 183s «184185 
195 196 197 203 204 205 206 212 
213) 2140 215) 216224 225,226 232 
233, 2340 235. 236) 237 8 9 14 
15 16 25 26 27 28 34 35 
36 37 42 43 44 53 54 62 
63 64 65 75 76 77 87 93 


Video data bus. These pins are connected to the ZTAG RAM 
(Bank 6). 
Pins: 24 66 79 95 


VRAM and DRAM multiplexed Addresses. This bus includes 
all the addresses that must be generated for all banks of VRAM 
and DRAM. Refer to Table 6-3 for more information. 
Pins: 146 164 186 187 188 198 = 189 

199 217 218 3 23 33 94 


VRAM and DRAM multiplexed Addresses. This bus includes 
all the addresses that are the same for Power Graphic mode 
(duplicated for load distribution) but are different in VGA mode 
(for character mode). Refer to Table 6-3 for more information. 
Pins: 207 208 = =227 = 231 22 32 78 


RAS/ strobe. Used for bank selection. There are five different 
RAS/ strobes generated by ATHENA. Refer to Table 6-4 for 
more details. 

Pins: 47 222 223 «238 = =©6—239 


CAS/ strobe. Used for final bank selection during write cycles. 
There are five different CAS/ strobes generated by ATHENA. 
Refer to Table 6-5 for more information. 

Pins: 88 202 4 12 39 


DT/OE strobe. Used for final bank selection during read cycles. 
There are five different DT/ strobes generated by ATHENA. 
Refer to Table 6-5 for more information. 

Pins: 89 «145 «194 = 163s :173 


WriTe strobe. Write strobes are used for pixel selection. Because 
the minimum pixel size is 8 bits/pixel, there is one strobe per 
byte. The ninth strobe is unused. 

Pins: 174 209 219 13 45 46 51 52 


Name No. of pins Type Description 
VD<63:0> 64 1/0 

ZTAG<3:0> 4 1/0 

VAA<13:0> 14 0 

VAB<6:0> 7 0 

RAS<4:0>/ 5 0 

CAS<4:0>/ > 0 

OE<4:0>/ 5 0 

WT<7:0>/ 9 0 

DSF< 1 :0> 2 0 
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Special Function pin of the VRAM. This pin permits different 
types of data transfer (split - normal) simultaneously in different 
banks. Refer to Table 6-6 for more information. 

Pins: 68 = 135 
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BRQ/ | I Co-processor VRAM Bus ReQuest. 
Pin: 6 

BACK/ I 0 ACKnowledge from the ATHENA of the VRAM bus request. 
Pin: 7 

NC | VO Not Connected. 
Pin: 67 


A.1.7 Video Interface (No DUBIC Mode) 


Name No of pins Type Description 

VIDCLK | I Input CLocK for the CRTC and the DT request module in 
Power Graphic mode. 
Pin: 229 

VIDRST/ | I VIDeo ReSeT input. 
Pin: 159 

HSYNC/ | 0 Horizontal SYNC. In VGA mode, sync polarity is selected from 


the VGA control register. In Power Graphic mode, the sync is 
always active low. 
Pin: 211 


VSYNC/ | 0 Vertical SYNC. In VGA mode, sync polarity is selected from the 
VGA control register. In Power Graphic mode, the sync is 
always active low. 


Pin: 169 

BLANK/ 0 Video BLANK signal. 
Pin: 193 

CDE 0 Video CDE signal. 
Pin: 223 

LDCLK 0 Video CLockK. 
Pin: 191 

VGAD<6:0> 7 0 VGA Data output. VGAD<7> is multiplexed with VAA<11>. 
Pins: 194 89 145 24 66 719 95 

SC<] :o> 2 0 Serial Clock. Each half-bank is connected to one of these serial 
clock pins. 


Pins: 88 202 


SOE<1:0>/ 2 0 Serial Output Enable control for each bank. 
Pins: 47 222 


EVEN/ | 0 EVEN line signal (used for interlace operation only). The even 
field is defined as the field that starts with line two, while the 
odd field starts with line one. 

Pin: 67 


SMUXSL | 0 Serial MUX Low input select. This pin connects directly to the 
select pin of the muxes. 
Pin: 4 
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A.|.8 Video Interface (DUBIC Mode) 


Name 


VIDCLK 


VIDRST/ 


VIDINF<3:0> 


No. of pins 
| 


A.I.9 Miscellaneous 


A.|.9.1 Fixed 


Name 


GCLK 


RESET/ 


A.|1.9.2 Test 


Name 


HIZ 


PD 


<NANDTREE> 


<RINGOSC> 
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No of pins 


1 


No of pins 


1 


Type Description 


I 


Input CLocK for the CRTC and the DT request module in Power 
Graphic mode. 
Pin: 229 


VIDeo ReSeT input. 
Pin: 159 


VIDeo INFormation (to DUBIC). Refer to Table 6-7 for more 
information. Not available in No DUBIC mode. 
Pins: 191 193 211 169 


Type Description 


I 


Graphic (and host interface) CLocK. 
Pin: 151 


This is an active low hard RESET pin. 
Pin: 119 


Type Description 


I 


Technical Data 


This pin is used to put all bi-directional buffers in tri-state. This 
pin should be tied to a pull-down resistor on all products. 
Pin: 108 


Connected to a pull-down. 

Pin: 5 

Output of the NAND TREE. This is a shared pin. 
Pin: 109 


Output of the RING OSCillator (the ring oscillator is enabled 
when the chip is in reset). This is a shared pin. 
Pin: 158 


MGA ATHENA Specification Ma trox Confidential 


A.1.9.3 VCC/GND 


Name 
PWR 16 
GND 29 


Matrox Confidential 


No of pins 


Type Description 


Attached to +5 Volts. 
Pins: 21 40 61 


160 172 181 
Attached to GrouND. 
Pins: 1 2 11 

60 71 80 

122 130 §=.189 

192 200 210 
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81 
190 


20 
85 
150 
221 


100 
201 


31 
92 
161 
230 


120 
220 


4] 
101 
170 


132 
228 


50 
110 
179 


140 
240 


59 
121 
180 
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A.2 Electrical Specification 
A.2.1 Maximum Ratings 


= Storage Temperature: -40°C. to + 125°C. 
» DC Supply Voltage: -0.5 V to +7.0 V 
. I/O pin voltage with respect to VSS: -0.5 V to VDD + 0.5 V 


A.2.2 DC Specifications 


. For VDD = 5.0 +- 5% , Ta = 0 to 55°C. 


Symbol | Parameter Conditions Min. | Typical | Maximum | Units 
VIL Input low voltage 0.8 Vv 
V_I_ H| {Input high voltage 2.2 Vv 
VOL _| Output low voltage I=IOL 0.4 Vv 
IOL=0 0.1 Vv 
VOH _| Output high voltage I=IOH 2.4 Vv 
IOH=0 Vop-0if | tv 
VT | Switching Threshold Schmidt buffer (SC) Positive going 1:2 Vv 
Schmidt buffer (SC) Negative going = ee eee Vv 
IIL | Input low current -10 ee A 
With pull up (PU) -40 -100 -270 LA 
IH ‘| Input high current i0 
With pull down (PD) 


ICC __| Power supply current 


Applies to signals with 4 mA drivers 


IOL | Output low current Applies to signals with 6 mA drivers 


Applies to signals with PCI buffers 
Applies to signals with 4 mA drivers 
IOH =| Output high current Applies to signals with 6 mA drivers 


Applies to signals with 8 mA drivers 
Applies to signals with 12 mA drivers 


Applies to signals with PCI buffers 


IOZ _| Output tri-state current 


| 10 20 pF 


Cc Pin capacitance 


Table A-l: DC Specification 
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Signal Name___Drive Strength (mA) Comment Maximum Load (pF) 
A<23 : 16> 8 PU 50 
AD<15:12> 8 PU 70 
AD<11:8> 8 PU 70 
D<7:0> 8 PU 70 
HADREN/ 8 PU 60 
HDATAEN<X | :0>/ 8 PU 40 
HWRDIR 8 PU 710 
AEN PU 
MCS16/ 12 PU 45 
CHRDY 12 PU 45 
CHRDYEN/ 8 PU 30 
RESET/ = PU 
REFRESH/ = = 
MRDC/ 

MWTC/ 
IORC/ - 
IOWC/ = PU = 
BALE i PU as 
SBHE/ = PU = 
IRQ 12 Open Drain 120 
NMI/ 8 PU 240 
DECODE<1:0>/ 8 PU 70 
ISA 8 PU 70 
DRQ 8 PU 120 
DAK/ PU = 
TC PU 

Table A-2: Host Interface (ISA) Signal Buffers 

Signal Name _ Drive Strength (mA) Comment Maximum Load (pF) 
PCLK = x 
PCBE<3:0> zs PU = 
PAD<3 | :0> 8 PU 50 
PPAR 8 PU 50 
PFRAME/ - PU - 
PTRDY/ PCI 50 
PIRDY/ - PU 
PDEVSEL/ PCI 50 
PSTOP/ PCI 50 
PINTA 12 Open Drain 50 
PIDSEL - PU - 


Table A-3: Host Interface (PCI) Signal Buffers 
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Signal Name _ Drive Strength (mA) Comment Maximum Load (pF) 
DACRD/ 4 PU 40 
DACWR/ 4 PU 40 
ROMEN/ 4 PU 40 
DEVWR/ 4 70 
DUBICSL/ 4 PU 40 
VIWICSL/ 4 PU 60 
EXPSL/ 8 PU 60 
CLKGEN<1 :0> 4 PU 25 

Table A-4: External Device Signal Buffers (ISA) 

Signal Name _ Drive Strength (mA) Comment Maximum Load (pF) 
EXTA<2:1> 4 PU 60 
EXTA<6:3, O> 8 PU 60 
EXTD<7:0> 8 PU 70 
ROMEN/ 4 PU 40 
EIRQ/ = PU = 
DACRD/ 4 PU 40 
DACWR/ 4 PU 40 
CLKGEN< 1 :0> 4 PU 25 
EXTALEN 8 PU 50 
DEVRST/ 4 PU 70 

Table A-5: External Device Signal Buffers (PCI) 

Signal Name Drive Strength (mA) Comment Maximum Load (pF) 
VD<63:0> 4 58 
VAA<13,12,8> 8 PU 108 
VAA<11,10,7> 8 PU 94 
VAA<9,6: 0> 8 PU 130 
VAB<6:0> 8 PU 122 
RAS<1:0>/ 12 PU 93 
CAS< 1 :0>/ 12 PU 93 
OE<1:0>/ 12 PU 93 
WT<7:0>/ 8 PU 58 
DSF<1:0> 12 PU 100 
BRQ/ = PU = 
BACK/ 12 30 


Table A-6: Drawing Engine Signal Buffers (No DUBIC) 
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Signal Name _ Drive Strength (mA) Comment Maximum bad (pF) 
GCLK = = 
VD<63:0> 4 58 
VAA<13,12,8> 8 PU 108 
VAA<11,10,7> 8 PU 94 
VAA<9,6:0> 8 PU 130 
VAB<6:0> 8 PU 122 
RAS<4:0>/ 12 PU 93 
CAS<4:0>/ 12 PU 93 
OE<4:3>/ 12 PU 44 
OE<2>/ 12 PU 79 
OE<1:0>/ 12 PU 93 
WT<7:0>/ 8 PU 58 
DSFé«1 :0> 12 PU 100 
BRQ/ PU 
BACK/ 12 30 

Table A-7: Drawing Engine Signal Buffers (DUBIC) 

Signal Name _ Drive Strength (mA) Comment Maximum Load (pF) 
VIDCLK/ - = 
VIDRST/ = PU = 
HSYNC/ 12 PU 40 
VSYNC/ 12 PU 40 
BLANK/ 12 PU 40 
CDE 12 PU 40 
LDCLK 8 PU 40 
VGAD<6:0> 12 PU 51 
SC< 1:0> 12 PU 93 
SOE< | :0>/ 12 PU 93 
EVEN/ 8 PU 40 
SMUXSL 12 PU 93 

Table A-8: Video Interface Signal Buffers (No DUBIC) 

Signal Name _ Drive Strength (mA) Comment Maximum Load (pF) 
VIDCLK - - 
VIDRST/ - PU - 
VIDINF<2:0> 12 PU 40 

| VIDINF<3> 8 PU 40 


Table A-9: Video Interface Signal Buffers (DUBIC) 
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Signal Name _ Drive Strength (mA) Comment Maximum Load (pF) 
GCLK a 
RESET/ a PU - 
HIZ - PD 
<NANDTREE> 4 70 
<RINGOSC> 8 PU 70 
Power pins 
Ground pins 


A.2.3 AC Specifications 


A.2.3.1 GCLK 


Table A-10: Miscellaneous Signal Buffers 


}¢——— t,] ———-» 
4,2 1,3 ——-» 


Description 


tgl GCLK period 
tg2 . GCLK high 
tg3 6.6 ns GCLK low 


A.2.3.2 Host Interface Timing 


The host interface waveforms and parameter lists are found on the pages which follow. 
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Ref. Min (ns) Max (ns) Comments Notes 
Tsu 1 20 aen— iorcl iowcl LOW 
Th2 15 aen (HOLD) = iorcl iowc/ HIGH 
Tsu3 40 refreshN — mrdc/ LOW 
Th4 5 refreshN (HOLD) — mrdc/ HIGH 
Tsu5 15 decode< 1 :0>/— mwtc/ mrde/ iorc/ iowc/ LOW 
Th6 5 decode<1:0>/ (HOLD) + mwte/ mrdc/ iorc/ iowe/ HIGH CQ) (4) 
Tsu7 10 decode<1:0>/— bale LOW 
Th7 3 decode<1:0>/ (HOLD) — bale LOW 
Tsu8 14 sbhe/ > mwtc/ mrde/ iorc/iowc/ LOW () 
Th9 10 sbhe/ (HOLD) > mwte/ mrde/ iore/iowe/ HIGH (1) 
Tsul4 19 ad<15:0> (ADDR) — mwte/ mrde/ iorc/ iowc/ LOW (1) 
Thl4 10 ad<15:0> (ADDR) (HOLD) — mwte/ mrde/ iorc/iowc/ LOW (1) 
Tsul5 6 ad<15:0> (ADDR) — bale LOW qd) 
Th15 5 ad<15:0> (ADDR) (HOLD) = bale LOW (1) 
Tsul6 19 ad<23:16> (ADDR) > mwte/ mrdc/ iorc/ iowc/ LOW qd) 
Thi7 10 ad<23:16> (ADDR) (HOLD) ~ mwite/ mrde/ iorc/ iowc/ HIGH (1) (4) 
Tsul8 6 ad<23:16> (ADDR) — bale LOW dd) 
Th18 5 ad<23:16> (ADDR) (HOLD) —» bale LOW (1) 
Tsul9 20 bale HIGH — mwte/ mrde/ iorc/ iowc/ LOW. 
Th20 15 bale LOW (HOLD) — mwte/ mrdc/ iorc/ iowc/ HIGH 
Ta21 10 bale HIGH 
Tde122 55 mwte/ mrdc/ iore/ iowc/ HIGH — bale LOW (15) 
Ta24 85 mwtc/ mrdc/iorc/ iowcl ACTIVE (18) 
3*gclk+13 
130 iowcl ACTIVE (2) 
215 iorc/ ACTIVE (5) 
Tr24 65 mwtc/ mrdc/ iorc/ jiowc/ RECOVERY (18) 
2*gclk+15 
3*gclk+250 mwtc/ mrdc/ iorc/ iowc/ RECOVERY (9) 
Tsu25 20 ad<15:0> (DATA) — mwte/ iowc/ HIGH 
10 ad<15:0> (DATA) > iowc/ HIGH (2) 
Th25 5 ad<15:0> (DATA) (HOLD) + mwte/ iowc/ HIGH 
5 ad<15:0> (DATA) (HOLD) > iowe/ HIGH (2) 
Tde126 51 mwtc/ LOW — ad<7:0> (DATA) (8) 
Tpd27 60 mrdc/ iorc/ LOW — ad< 15:0> (OUTPUT DATA) 
120 iorc/ LOW — ad<7:0> (OUTPUT DATA) (5) 
Tpa27 3 60 mrdc/ iorc/ LOW — ad<15:0> (DATA) ACTIVE (16) 
3 120 iorcl mrdc/ LOW — ad<7:0> (DATA) ACTIVE (16) (5) (7) 
Tpz28 3 20 mrdc/ iorc/ HIGH — ad< 15:0> (DATA) TRISTATE (16) 
Tpi28 0 mrde/ iorel HIGH —> ad<15:0> (DATA) invalid 
Tde129 0 chrdy —> ad<15:0> (OUTPUT DATA) 
60 chrdy — ad<7:0> (OUTPUT DATA) (7) 
Tpd30 29 mwtc/ mrdc/iore/ iowcl LOW — chrdy LOW (5) (6) (7) (8) 
21 mwtc/ mrde/ iorc/ iowcl LOW — chrdy LOW 
Th3 1 0 mwtc/ mrde/ iorc/ iowcl LOW (HOLD) > chrdy HIGH 
Tpd32 25 mwtc/ mrde/ iorc/ iowc/ LOW —> chrdyen LOW ) 
Tpd34 18 ad<16:0> (ADDR) — mcs 16/ (1) 10) 


(continued on the next page) 
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Ref. Min (ns) Max (ns) Comments Notes 
Tpd35 18 ad<23:17> (ADDR) — mcs 16/ (1) 
Tpd36 18 decode< 1 :0>/— mcs 16/ 

Tpd38 70 mwtc/ mrdc/ HIGH — mcs 16/ valid 
Tpd39 4 mwtc/ mrdc/ LOW — mcs16/ HIGH 
Tsu45 0 hwrdir — hdataen<1:0>/ LOW (15) 
Th46 0 hwrdir (HOLD) — hdataen< 1 :0>/ HIGH (15) 
Tpd47 | 2*gclk+40 mwtc/iowce/ LOW — hdataenc 1 :0>/ LOW (15) (13) (2) 
30 mwtc/ LOW — hdataen<0>/ LOW (15) (8) 
118 mrdc/ iorc/ LOW — hdataen<1:0>/ LOW (15) 3) (7) 
50 mwtc/ mrdc/ iore/iowc/ LOW > hdataen<1:0>/ LOW (15) 17) (14) 
Tpd48 17 mwtc/ mrdc/iorc/iowc/ HIGH+ hdataencl :0>/ HIGH (15) 
Tpd49 0 35 mwtcl mrde/iorc/iowc/ LOW — hadren/ HIGH (15) 
| Tpd50 34 mwtc/ mrdc/ iore/iowc/ HIGH > hadren/ LOW (15) 
Tdel5 | 3 hadren/ HIGH — hdataen<1>/ LOW (15) 
Tdel52 1 hdataen<I>/ HIGH — hadren/ LOW (15) 
Tdel53 0 ad<15:8> (OUTPUT DATA) TRISTATE —hadren/ LOW (15) 
Tdel54 3 hadren/ HIGH — ad<15:8> (OUTPUT DATA) ACTIVE (15) 
Th55 0 ad< 15:0> valid (DATA) (HOLD) —> hdataen<1:0>/ HIGH (15) 
Th57 0 ad<15:8> valid (ADDR) (HOLD) —> hadren/ HIGH (15) 0) 
Tsu58 2*pclk+70 tc > iowc/ HIGH (2) 
Th58 -41 tc (HOLD) — iowe/ HIGH (2) 
Tsu59 100 dak/ > iowc/ LOW (2) 
Th60 45 dak/ (HOLD) > iowe/ HIGH (2) 
Tpd6 1 2 50 iowe/ LOW > drq LOW (2) 
Tpd62 33 tc —) drq LOW (2) 
Tde163 10 drq LOW = drq TRISTATE (2) 
Tdel64 14” gclk irq LOW = irq HIGH (3) (1) 19) 
Tpd65 3*gclk+35 | mwtc/ HIGH — isa (3) 19) 
Ta66 1 ps reset ACTIVE , G32) (19) 
Table A-11: Host Interface Parameter List 
Notes: 
(1) ISA timing 
(2) DMA timing 
(3) The timing appears only as a note, and isn’t shown in the diagram. 
(4) Necessary only for cycles in which there is no BALE. 
(5) VGA I/O read. 
(6) VGA I/O write. 
(7) VGA frame buffer read. 
(8) VGA frame buffer write. 
(9) After a CONFIG or OPMODE register write. 
(10) —=Narrow decode only. 
(11) —_Edge-triggered interrupt mode. 
(12) — The timing is also a function of the pull-up or pull-down, and the load. 
(13) Write cycle. 
(14) — Read cycle. 
(15) Must be considered only when hadren/ and hdataen/ are used. 
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(16) 


(17) 
(18) 
(19) 


Can be ignored if hadren/ and hdataen/ are used, since an equivalent timing is guaranteed 
(as long as external buffers respect the constraints mentioned in Section 6.2.1.4). 

Write cycles without wait states. 

Use the upper expression if gclk < 25. For other gclk values use the lower expression. 
These timings are not shown in the corresponding waveform. 


Timing Conditions 


CLK 


ucla aes te Vth 
CLK 
Vt 
OUTPUT 
DELAY 
Tri-State V test V t 
OUTPUT = bias 


Figure A-3: Host PCI Output Waveform 


Figures A-2 and A-3 define the conditions under which timing measurements are made. The 
component test guarantees that all timings are met with minimum clock slew rate (slowest edge) and 
voltage swing. The design guarantees that minimum timings are also met with maximum clock slew 
rate (fastest edge) and voltage swing. The design also guarantees proper input operation for input 
voltage swings and slew rates that exceed the specified timing conditions. 
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Symbol 5 V Signalling Units 
Vth 2.4 Vv 
Va 0.4 Vv 
Veest 15 Vv 
Vv ; 
Input signal edge rate 1V/ns 
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Vmax specifies the maximum peak-to-peak waveform allowed for testing input timing. 


Symbol | Parameter Min |Max | Units | Notes 
tyal CLK to Signal valid delay (bussed signals) 2 11 ns (3) (2) 
ton Float to Active delay 2 ns (3) 
toff Active to Float delay 28 ns (3) 
tsu Input Setup time to CLK (bussed signals) 7 ns (1) 
th Input Hold time from CLK 0 ns (1) 


Table A-12: Host PCI5 V Timing Parameters 


(1) Refer to Figure A-2. 
(2) Minimum times measured with 0 pF equivalent load. Maximum times measured with 50 pF 


equivalent load. Actual test capacitance may vary. Correlate results to these specifications. 
(3) Refer to Figure A-3. 
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Figure A-4: ROM Host Interface Waveform 
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Figure A-5: External Device Interface Waveform (ISA) 
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EXTD[7:0] (WRITE) ATA $$$ 
DACRDN \ \ 
DACWRN \ 
+——Tam200A +--Trm200 = 
+———Tam200B rm200A: 
ROMENN ~ SS / \ 


Figure A-6: External Device Interface Waveform (PCI) 


Tsu209 
Tdelm210 
Th209 |e 
-Ta208 Tpd214 . Tdelm211 
EXTALEN / \ / 
> +Tpam213 
Tpd213 ° Tpz213 
ROMENN \ 
fe Tpd212 
EXTA(6:0) MK, ow | ADDRESSES 
EXTD[7:0] HIGH ADDR VALID DATA 


Figure A-7: BIOS ROM (PCI Configuration) 
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Ref. _Min (ns) Max (ns) Comments Notes 
Ta200 250 expsl/ ACTIVE (ISA) 
romenN (for expsIN) (ACTIVE pulse) (PCT) 
100 dacrd/ dacwr/ viwicsl/ dubicsl/ ACTIVE (ISA) 
dacrdN, dacwrN, romenN (for viwicsIN, dubicsIN) (ACTIVE pulse) (PCI) 
Tr200 60 expsl/ dacrd/ dacwr/ viwicsl dubicsl/ RECOVERY (ISA) 
dacrdN, dacwrN, romenN (RECOVERY pulse) (PCD 
Tsu201 10 devwr/ > expsl/ viwicsl/ dubicsl/ LOW (ISA) 
exta<6>(devwrN) — romenN (LOW) (PCD 
Th201 8 devwr/ (HOLD) — exps!/ viwicsl/ dubicsl/ HIGH (ISA) 
exta<6> (devwrN) (HOLD) — romenN (HIGH) (PCI) 
Tsu202 8 ad< 15:0> (ADDR) —> expsl/ viwicsi/ dubicsl/ dacrd/ dacwr/ LOW (ISA) 
exta<5:4,1:0>—> dacrdN, dacwrN, romenN (LOW) (wr/rd) (PCI) 
Th202A 15 ad<15:0> (ADDR) (HOLD) — expsl/ viwicsI/ dubicsl/ dacwr/ HIGH (ISA) (1) 
exta<5:4,1:0> (HOLD) — dacwrN, romenN (HIGH) (WRITE) (PCD 
Th202B 100 ad<15:0> (ADDR) (HOLD) — expsl/ viwicsl/ dubicsl/ dacrd/ LOW (ISA) (2) 
exta<5:4,1:0> (HOLD) — dacrdN, romenN (LOW) (read) (PCI) 
Tsu203 100 ad<7:0> (OUTPUT DATA) — expsl/ HIGH (ISA) 
exdt<7:0>— romenN (for expsIN) (HIGH) (write) (PCD 
50 ad<7:0> (OUTPUT DATA) — viwicsl/ dubicsl/ dacwr/ HIGH (ISA) 
exdt<7:0>—> dacwrN, romenN (for viwicsIN, dubicsIN) (HIGH) (write) (PCD 
Th203 15 ad<7:0> (OUTPUT DATA) (HOLD) — expsl/ viwicsl/ dubicsl/ dacwr/ HIGH (ISA) 
extd<7:0> (HOLD) — dacwrN, romenN (HIGH) (write) (PCI) 
Tpa204 2 expsl/ viwics]/ dubics!/ dacrd/ LOW — ad<7:0> (INPUT DATA) ACTIVE 
Tpd204 2 250 | expsl/ LOW — ad<7:0> (INPUT DATA) (ISA) 
romenN (for expsIN) (LOW) —> extd<7:0> (VALID) (read) (PCI) 
2 90 viwicsl/ dubicsl/ dacrd/ LOW — ad<7:0> (INPUT DATA) (ISA) 
dacrdN, romenN (for viwicsIN, dubicsIN) (LOW) — extd<7:0> (VALID) (read) (PCI) 
Tpz204 2 40 expsl/ HIGH — ad<7:0> (INPUT DATA) TRISTATE (ISA) 
romenN (for expsIN) (HIGH) — extd<7:0> (TRISTATE) (read) (PCD 
2 25 viwicsl/ dubics|/ dacrd/ HIGH — ad<7:0> INPUT DATA) TRISTATE (ISA) 
dacrdN, romenN (for viwicsIN, dubisIN) (HIGH) — extd<7:0> (TRISTATE) (read) (PCI) 
Tpd205 10*gclk-50 | romen/ LOW — ad<7:0> (DATA) (3) 
150 
Tpa205 2 romen/ LOW — ad<7:0> (DATA) ACTIVE 
Tpz205 2 4*gclk- 10 |romen/ HIGH > ad<7:0> (DATA) TRISTATE (3) 
60 
Tpd206 10*gclk-50 jad<15:0> (OUTPUT ADDR) — ad<7:0> (DATA) (3) 
0 150 
Tsu207 115 hdataen/ LOW — expsl/ HIGH 
65 hdataen/ LOW — viwicsll dubicsl/ dacwr/ HIGH 
Th207 15 hdataen/ LOW (HOLD) — viwicsl/ dubics]/ dacwr/ exps1/ HIGH 
Ta208 6 extalen(HIGH) ACTIVE 
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Ref. Min (ns) Max (ns) Comments Notes 
Tsu209 2 extd<7:0>— extalen (LOW) 
Th209 3 extd<7:0> (HOLD) = extalen (LOW) 
Tdelm2 10 6.30 extalen (LOW) —romenN (LOW) 
Tdelm2 11 4.80 romenN (HIGH) ~» extalen (HIGH) 
Tpd2 12 0 200 exta<6:0> —> extd<7:0> (DATA) 
Tpd2 13 0 75 romenN (LOW) — extd<7:0> (DATA) 
Tpam2 13 0 romenN (LOW) — extd<7:0> (ACTIVE) 
Tpz2 13 0 60 romenN (HIGH) — extd<7:0> (TRISTATE) 
[Tpd2i4_ | 0 | 200 J extalen (LOW) -yextdc70> (DATA) 
Tsu215 6.80 extalen (HIGH) + romenN (LOW) when NOT BIOSROM 
Th215 5.30 extalen (HIGH HOLD) — romenN (HIGH) when NOT BIOSROM 
[Tu216 | 6.80 | _extac3:2>—» romenN (LOW) when NOTBIOSROM 
Th216 5.30 exta<3:2> (HOLD) > romenN (HIGH) when NOT BIOSROM 
Table A-13: External Device Parameter List 

Notes: 

(1) Write cycle. 

(2) Read cycle. 

(3) Choose the lesser of the two values listed. 
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A.2.3.3 Power Graphic Mode VRAM Interface Timing 


The MGA Power Graphic Mode VRAM interface timing diagrams and parameter lists are found on the 
pages which follow. This timing data is based on 80 ns VRAMs, with the MCTLWTST register 


programmed to C4001010h. 


Figure A-8: BRQ Back Timing 


Name Min. (ns) Max. 


Table A-14: BRQ Back Timing Parameter List 


Matrox Confidential MGA ATHENA Specification Electrical Specification A -25 


doa 


a ae 2 Twud- - 


/aA0 


asd 


WA 


/LM 


/SWO 


/Swa 


Figure A-9: Data Transfer Cycle Waveform 
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Name Min. (ns) Max. Comments 


Tgclk 
‘AR 
tASC 2 
tASR 16 Address setup time before RAS/ low 

(CAH 
(CAL 
1CAS 
{CRP | 19 | I CAsvhigh before RAS/Iow prechargetime 


tFHR 112 DSF hold time after RAS/ low (CAS/ one - block write 


are 
tOFF a oe 100 Output buffer turn-off delay from CAS/ 
tRAL Column address to RAS/ high 

tRAS | 79 | _|RAS/pulse width 

tRC aa el ee Random read cycle time 

tRCD es eee RAS/ low to CAS/ low delay time 

tRP 50___| _| RAS/precharge time 
tRSH 20 Peo = 5 RAS/ hold time after CAS/ 


tRWH 40 Write hold after RAS/ low 
tTLH 41 DT/ hold time after RAS/ low 
tTLS 16 DT/ setup time before RAS/ low 
tWSR 19 Write setup to RAS/ low 


Table A-15: Data Transfer Cycle Parameter List 
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Hyper Page Read Cycle Waveform 


Figure A-10 
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2 
nw 


ene) 
> |> 
O [> 


Min. (ns) Max. Comments 


16.67 [GCLKperod 
time before GCLK 
Column address hold time after RAS/ low 
Address setup time before CAS/ low 


fd Address setup time before RAS/ low 


~ 
h 


+ 


31 Access time from column address 
__16 Access time from CAS/ 
Address hold time after CAS/ low 


tCAH 13 
26 
(CFH 49 
14 
81 
tCSH 74 
por _{_1s_____ Delay time data to OE/ low 
i DSF setup time before CAS/ low 
tFSR 15 DSF setup time before RAS/ low 
tHCAS 15 Hyper Page mode CAS/ pulse width 
tHPC 33 Hyper Page mode cycle time 
tOEA 0 63 Access time from OE/ 
tOECH 59 CAS/ hold from OE/ low 
onze] ld 15 | Output buffer turn-off delay from OE/ 
tOFF 0 33 Output buffer turn-off delay from CAS/ 
0 13 [Outputdisable time from RAS/ high (Hyper Page mode) 
tRAC 0 719 Access time from RAS/ 
tRAD 47 RAS/ low to column address dite time 
tRAH 41 Address hold time after RAS/ low 


tRASP RAS/ pulse width (fast page mode) 


60 RAS/ low to CAS/ low delay time 

tRCH 30 Read command hold time after CAS/ high 
tRCS 83 Read command setup time before CAS/ low 
tRFH 111 DSF hold time after RAS/ low 

tRP 50 RAS/ precharge time 


47 Column address to RAS/ high 


147 f Random read cycle time 


10 Read command hold time referenced to RAS/ 
RAS/hold time after CAS/ 

_|DT/hold time after RAS/ low 

DT/ setup time before RAS/ low 


0 1 Output disable time from WT/ low (Hyper Page mode) 
12 Write command pulse width 
[tWSR | 21 | | Write setup to RAS/ low | 
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Table A-16: Hyper Page Read Cycle Parameter List 
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Page Read Cycle waveform 


Figure A-11 
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Min (ns) Max Comments 
16.67 GCLK period 
DQ hold after GCLK 
DQ setup time before GCLK 
Address setup time before CAS/ low 
Address setup time before RAS/ low 
Access time from column address 


N 


sEEBEIE 
oir is 
Ke) 


fe) 

> 

> 
sneereeedaad 

kat 


Access time from CAS/ 

Address hold time after CAS/ low 

Column address to CAS/ high 

Access time from CAS/ precharge 

CAS/ pulse width 

DSF hold time after CAS/ low 

CAS/ precharge time (fast page mode 

tCPN CAS/ precharge time (not fast page mode 
CAS/high before RAS/ low precharge time 


tCRP 
tCSH CAS/ hold time after RAS/ 
tDOEL 29 Delay time data to OE/ low 


tFHR 145 DSF hold time after RAS/ low (CAS/ one - Block Write) _ | 

tFSC DSF setup time before CAS/ low 
DSF setup time before RAS/ low 

Access time from OE/ 

Output buffer turn-off delay from OE/ 

Output buffer turn-off delay from CAS/ 


. 
a 
ww |W 
Ww —_ 
Ww n 


NO 
oo 


s 
ta 
Ne 


fas 
Ee | 


C 
CP 


—_ 


4 


4 


in 
No 


tPC Fast page mode cycle time 


tRAC 0 78 Access time from RAS/ 2 
tRAD 47 RAS/ low to column address delay time 
Address hold time after RAS/ low 


tRAH 41 

tRAL 47 Column address to RAS/ high 

tRASP 95 RAS/ pulse width (fast page mode) 

tRC 147 Random read cycle time 

tRCD 60 RAS/ low to CAS/ low delay time 7 


Read command hold time after CAS/ high 
Read command setup time before CAS/ low 
DSE hold time after RAS/ low 


RAS/ hold time from CAS/ precharge (Fast Page Mode) 


RAS/ hold time referenced to OE/ 


RAS/ precharge time 
Read command hold time referenced to RAS/ 


tRRH 26 
tRSH 32 RAS/ hold time after CAS/ 
tTLH 43 DT/ hold time after RAS/ low 


tTLsS 17 DT/ setup time before RAS/ low 
tWSR 18 Write setup to RAS/ low 


Table A-17: Page Read Cycle Parameter List 
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Figure A-12: Page Write Cycle Waveform 
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Name Min (ns) Comments 


16.67 GCLK period 
74 Column address hold time after RAS/ low 


Sc Address setup time before CAS/ low 
SR | 6 Address setup time before RAS/ low 


Address hold time after CAS/low 


a 
S) 
n 
os] 
ef 
a 
zg 
oO 
= 
g 
fe 
> 
g 
oy 
z 


P 


sRRERRREE 
~~ |Z D len |= |e 
wa 


Data hold time (to CAS/) 

tDHR 74 Data hold time after RAS/ low 

Data hold time (to WT/ 

Data setup to CAS/ 

Data setup to WT/ 

DSF hold time after RAS/ low (CAS/ one - Block Wnite 
DSF setup time before CAS/ low 

DSF setup time before RAS/ low 

Masked write hold time referenced to CAS/ 
Masked write setup time 

tMH 40 Write mask hold time after RAS/ low 


iMRH—CidLC( Masked write hold time referenced to RAS/ 
tMS 0 Write mask setup time before RAS/ low 
tOEH 20 OE/ high hold time after WT/ low (OE/ controlled write 


fs) 

x 

oe) 
- 


5 
D 
io) 


is} 
x 
= 


see REE 
SiS (2 ld (2D 
~a a a |= 
tre 


tPC 33 Fast page mode cycle time 
tRAD 47 RAS/ low to column address delay time 
tRAH 41 Address hold time after RAS/low 


34 Column address to RAS/high 
tRASP 78 RAS/ pulse width (fast page mode 


tRC 130 Random read cycle time 
tRCD 60 RAS/ low to CAS/ low delay time 
tRCH 13 Read command hold time after CAS/ high 


tRCS Read command setup time before CAS/ low 
tRFH DSF hold time after RAS/ low 

iRp LOC RAS/ precharge time 

tRSH RAS/ hold time after CAS/ 

tRWH Write hold after RAS/ low 


tRWL ) ag Write command to RAS/ lead time 


tTDD 60 OE/ high to data low impedance delay time 
tTLH 76 DT/hold time after RAS/ low 

DT/ setup time before RAS/ low 
tWCH Write command hold time after CAS/ low 
twCcs ae ee Write command setup time before CAS/ low 
(WP Write command pulse width 
{WSR Write setup to RAS/ low 


Table A-18: Page Write Cycle Parameter List 
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Refresh Cycle Waveform 


Figure A-13 
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Name 


Min (ns) Max Comments 
| 1667 | —*([GCLKperiod Ss s—“—‘“‘“‘; SC” 
| 1 |__| CAS/Iow after RAS/ low hold time (CAS/ before RAS/ refresh) | 
52 |__| CAS/high before RAS/low precharge time 
a 
| 95 |__| DSFhold time after RAS/ low (CAS/ one - Block Write 

[1s | _|DsFsetuptimebeforeRAS/low 
To | 130 | Outputbuffer turn-off delay fromOF/ 
CO | 4306. | 


Output buffer turn-off delay from CAS/ 
RAS/ pulse width 


79 


fase er | 


131 Random read cycle time 


DT/ setup time before RAS/ low 


Write setup to RAS/ low 
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Table A-19: Refresh Cycle Parameter List 
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Write Cycle Waveform 
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Figure A 


Min (ns) Max Comments 


Name 


Column address hold time after RAS/ low 
Address setup time before CAS/ low 
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Name Min (ns) Max Comments 


Address setup time before RAS/ low 
31 Access time from column address 


6 Access time from CAS/ 

Address hold time after CAS/ low 
Column Address to CAS/ high 
CAS/ pulse width 

DSF hold time after CAS/ low 


CAS/ high before RAS/ low precharge time 
CAS/ hold time after RAS/ 


- ry 
Ww lon 


SERRE 
HIE ESS be 


A 
2 
& 


AA ja lA 
wm lnz | |'U 
x lv |Z 
iO [= je wn 


tCWL Write command to CAS/ lead time 
tDHC 13 Data hold time (to CAS 
tDHR 156 Data hold time after RAS/ Low 


Data hold time (to WT. 


Data setup to CAS/ 

Data setup to WT/ 

DSF setup time before RAS/ low 

Masked write hold time referenced to CAS/ 
Masked write setup time 


sREE 
did 
“fe m= 0 
i 


tMH 10 Write mask hold time after RAS/ low 

iMRH 26 
tMS 0 Write mask setup time before RAS/ low 

tODS 46 Output disable setup time 

tOEA 0 14 Access time from OE/ 

tOEH 3]* | OE/ high hold time after WT/ low (OE/ controlled write 

tOEZ 0 15 Output buffer turn-off delay from OE/ 


tOFF Output buffer turn-off delay from CAS/ 
PC 50 


tRAC Access time from RAS/ 


tRAD 47 RAS/ low to column address delay time =] 
tRAH 41 Address hold time after RAS/ low 

tRAL 34 Column address to RAS/ high 

tRASP 162 RAS/ pulse width (fast page mode 

tRC 214 Random read cycle time 

tRCD 60 RAS/ low to CAS/ low delay time 


tRCH 30 Read command hold time after CAS/high 
Read command setup time before CAS/ low 
DSF hold time after RAS/ low 
RAS/ precharge time 


tRSH 20 RAS/ hold time after CAS/ 

tRWH 40 Write hold after RAS/low 

tRWL Write command to RAS/ lead time 

tTDD OE/ high to data low impedance delay time 


DT/ hold time after RAS/ low 


| DT/ setup time before RAS/ low 
|tWCH {| 14 Write command hold time after CAS/ low 
tWCS 0 Write command setup time before CAS/low 
| tWP_ 1S) 6 Write command pulse width 
tWSR 19 Write setup to RAS/ low 


Table A-20: Page Read-Modify-Write Cycle Parameter List 
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Page ZI Cycle Waveform 
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a 
Pe 


tCRP 


416 14 16 |S |b 2x ib 

ee SERRE rs) 

7) fo) PIO iw) = 
O 1 


onlenenene 
=e arin ias) 
= |= | |2 


Min (ns) Max Comments 
16.67 | =| CLK period 


DQ hold after GCLK 

aa DQ setup time before GCLK 

124__| [Column address hold time after RAS/low | 
2 Address setup time before CAS/ low 

Address setup time before RAS/ low 

31 Access time from column address 


Access time from CAS/ 
Address hold time after CAS/ low 


CAS/ pulse width 
DSF hold time after CAS/ low 
CAS/ precharge time (fast page mode 


- 


No 
oi 


és 
a 


loo} 


mer tee [LO fre 
tw TON fe XO | 


CAS/ precharge time (not fast page mode 
CAS/ high before RAS/ low precharge time 
CAS/ hold time after RAS/ 


Write command to CAS/ lead time 
Data hold time (to CAS 


tDHC 
DHR || _124 Data hold time after RAS/ low 
Data hold time (to WT/ 
tDSC 0 Data setup to CAS/ 
tDSW. 0 Data setup to WT/ 
tFHR 450 DSF hold time after RAS/ low (CAS/ one - block write 
tFSC 77 DSF setup time before CAS/ low 
tMCH 13 Masked write hold time referenced to CAS/ 
16 Masked write setup ime 
tMH 10 Write mask hold time after RAS/ low 
tMRH 43 Masked write hold time referenced to RAS/ 
tMS 0 Write mask setup time before RAS/ low 
tODS 46 Output disable setup me 
tOEA | oo | 14 Access time from OE/ 
tOEZ 0 15 Output buffer tum-off delay from OE/ 
1OFF | _o | 16 _| Output buffer tum-off delay from CAS/ 
en Fast page mode cycle time 
_(continued on the next page) 
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Name Min (ns) Max Comments 


BAD: = age RAS/ low to column address delay time 
MRAH——“‘(ESCQ CY Address hold time after RAS/ low 
——— 
195 |__| RAS/pulse width (fast page mode 
| 247 |  Randomreadcycletime ——CSCSCid 
| 60 | I RAS/IowtoCAS/lowdelaytime 
| 3, | | Read command holdtime afterCAS/high 
mes te | Read command Setup time before CAS/ low 
| go | 


DSF hold time after RAS/ low 


RAS/ hold time referenced to OE/ 


tRP 50 RAS/ precharge time 

tRSH 20 RAS/ hold time after CAS/ 

tRWH 10 Write hold after RAS/ low 

tRWL 18 Write command to RAS/ lead time 
(TLH __27 |__| prrrhold time after RAS/ low 
(TLS 17 |__| DT setup time before RAS/ low 


tWCH 14 i= = | Write command hold time after CAS/ low 
tWCS 0 ie = Write command setup time before CAS/ low 
tWP 15 ae Write command pulse width 


wse | Write setup to RAS/ low 


Table A-21: Page ZI Cycle Parameter List 
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A.2.3.4 VGA Mode VRAM Interface Timing 


Notes: 


(1) In the tables which follow, ts, th and ti are the period of VIDCLK, VIDCLK high pulse 
width, and VIDCLK low pulse width, respectively. 


(2) A= Standard Modes (CPU Writes), 
High-resolution 256-Color Modes (CPU Writes during Blank) (4) 
B= High-Resolution 256-Color Modes (CPU Writes) (4) 
C = Low Frequency Sequence (Display Reads), 
High-resolution 256-Color Mode (CPU Reads during Blank) (4) 
D = Low Frequency Sequence (Catch Up Display Reads) 
E = Low Frequency Sequence (CPU Reads) 
F= High Frequency Sequence (Display Reads) 
G 
H 
I 


High Frequency Sequence (Catch Up Display Reads) 
High Frequency Sequence (CPU Reads) 

= High-resolution 256-Color Mode (CPU Reads during Video) (4) 
J = High resolution 256-Color Mode (Display Reads) (4) 


(3) The ‘VRAM’ column represents the timing that the VRAM must respect in order to 
support Super VGA modes. 


(4) For 1024 x 768 x 16 NI at 65 MHz, the pixel clock is divided by two, so high-resolution 
256-color mode cycles have twice the number of clocks. 


(5) The WIN signals are high for at least one full cycle prior to the one indicated. 
(6) The WTN signals are high for at least one full cycle after the one indicated. 
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VAA 13-0 


ROW 
VAB 6-0 
tv1 tv2 
RASN 1-0 
\ 
Paes, 
CASN 1-0 
WTN 7-0 


OEN 1-0 


WRITEDATA X 


Figure A-16: Video Dvnamic RAM Write Cvcles 


VD 63-0 : 
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Row address setup time to RASN low 

Row address hold time from RASN low 

Column address setup time to CASN low th 0 - 

Column address hold time from CASN low tl 15 

RASN low duration 3ts 80 10000 
tv6 RASN high duration 3ts t}+2t; 60 - 
tv7 RASN to CASN low delay ts+th ts 20 - 
tv8 CASN low duration Sts 3ts 20 10000 
tv9 Write data setup time to WTN low tits 4ts+th 0 

Write data hold time from WTN low tl+5 ts 20 - 

WTN to RASN high lead time ts 20 - 

WTN low duration 2ts 20 - 

Column address hold, referenced to RASN tl+ts 45 

RASN hold time 2ts 20 - 

CASN hold time 4ts 80 - 

Column address to RASN lead time 2ts+th 40 - 
tv17 | CASN to RASN precharge titts titts 10 - 
tv18 | Random read/write cycle time Sts tl+S ts 150 - 

WTN to CASN lead time 2ts 20 - 

OEN command hold time th+3 ts 20 _ 
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Table A-22: Video Dynamic RAM Write Cycles 
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VAA 13-0 


ROW COL é 
VAB 6-0 : 
tvl te. tv2 
[| 
ail ape 
4 
w6 
id aR 
CASN 1-O lg 
\ 
= 
w7 ; 
OEN 1-O 
~t-—— tv28 —_ i 


Figure A-17: Video Dynamic RAM Read Cycles 
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tvl 
tv2 
tv3 
tv4 
tv5 
tv6 
tv7 
tv8 
tv13 


tvl4 
tv15 
tvl6 
tv17 
tv18 
tv2 1 
tv22 
tv23 
tv24 
tv25 
tv26 
tv27 
tv28 
tv29 


tv30 


Row address setup time to RASN low 
Row address hold time from RASN low 
CASN setup time to CASN low 

CASN hold time from CASN low 
RASN low duration 

RASN high duration 

RASN to CASN low delay 

CASN low duration 


Column address hold referenced 
to RASN 


RASN hold time 

CASN hold time 

Column address to RASN lead time 
CASN to RASN precharge 

Random read/write cycle time 

Access time from RASN 

Access time from column address 
DRAM access time from CASN low 
OEN to DRAM data output delay 
Output buffer turn off time from CASN 
Output buffer turn off time from OEN 
RASN hold time referenced to OEN 


Row command setup 


Read command hold time referenced to 
RASN 


Read command hold time 
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Mode (1) (2) 


VRAM (3) 


Table A-23: Video Dynamic RAM Read Cycles 
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VAA 13-0 


VAB 6-0 


RASN 1-0 


CASN 1-O 


OEN 1-0 


tv21 tv28 


VD 63-0 


WTN 7-0 


Figure A-18: Video Dynamic RAM Page Read Cycles 
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VRAM (3) 
Max 
Iwi Row address setup time to RASN low 2ts 0 
tv2 Row address hold time from RASN low th 10 
tv3 Column address setup time to CASN low ts 0 = 
tv4 Column address hold time from CASN low titts 15 = 
w5 RASN low duration 24ts 80 10000 
tv6 RASN high duration 2ts+th 60 
Itv7 RASN to CASN low delay tstth 20 
tv8 CASN low duration trtts 20 10000 
tv13 | Column address hold referenced to RASN 3ts 45 
itv14 RASN hold time ty+ts 20 - 
tv15__| CASN hold time 3ts 80 - 
tvl6 | Column address to RASN lead time 3ts 40 - 
tv17__| CASN to RASN precharge 2ts+th 10 - 
tv18 | Random read/write cycle time 26 tst+th 150 - 
tv21 Access time from RASN 80 
tv22 | Access time from column address 40 - 
tv23 DRAM access time from CASN low 20 - 
tv24_ | OEN to DRAM data output delay 20 - 
tv25 | Output buffer turn off time from CASN - 20 
tv26 | Output buffer turn off time from OEN 20 
tv27 RASN hold time referenced to OEN Ots 20 - 
tv28 Row command setup 3ts 0 - 
tv29 Read command hold time referenced to RASN 4ts+th 10 - 
tv30 | Read command hold time 4tstth 0 I 
tv31 CASN high duration ts+th 10 = 
tv32__| Fast page mode cycle 3ts 50 - 


Ma trox Confidential 


Table A-24: Video Dynamic RAM Page Read Cycles 


MGA ATHENA Specification 


Electrical Specification A -47 


A.2.3.5 Video Interface Timing 


ide lie A en ao ae Na a Nd 


sc[1] 


smuxsl 


cde, blank, even 


vsyne/, hsync/ 


soe/[0] YA ff 


soe/[1] 


Figure A-19: Video Timing (No DUBIC Mode) 


videlk &\ 


vidinf [3:0] 


vidrst/ 


Figure A-20: Power Graphic Video Timing (DUBIC Mode) 
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je TA3A r 
yidevey. fe a  e 


—-tras—|  —Ta9—| ——d 0 
ldclk Coe = tit 


blank/ 


vsync/ hsync/ 


vgad[5:0]) 


vgad[6], vaa[il] 


blank/, vsync/, hsync/ 


vgad[6:0], vaaf{l1l1] 


vidrst/ 


Figure A-22: VGA Mode (Slave) Video Timing 


«+ Note: In Figures A-21 and A-22, the signal names correspond to the No DUBIC mode signals. See 
Table A-25 for the No DUBIC mode signal names. 
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Name Min. (ns) Max. Comment 

Tdl 6 vidclk HIGH 

Td2 6 vidclk LOW 

Td3a 15 vidclk cycle (VGA Normal) 

Td3b 66 vidclk cycle (VGA Slave) 

Tp3c 40 vidclk cycle (Power Graphic mode) 

Td4a 2 58 videlk — blank/, vsync/,hsyne/ (VGA Slave) (No DUBIC mode) 
vidclk — vidinf<2:0> (VGA Slave) (DUBIC mode) 

Td4b 2 30 vidclk — vidinf<3:0> (Power Graphic mode) 

Td5 2: 58 vidclk — vgad<6:0>, va<l11> (VGA Slave) (No DUBIC mode) 
vidclk_ — vgad<3:0>, 0e<4:2>/, va<l1> (VGA Slave) (DUBIC mode) 

Td6a 5 vidrst/— vidclk (VGA Slave) 

Td6b 5 vidrst/ > vidclk (Power Graphic mode) 

Td7a 30 vidrst/ HOLD —> vidclk (VGA Slave) 

Td7b 20 vidrst/ HOLD — vidclk (Power Graphic mode) 

Td8 6 Idclk HIGH (No DUBIC mode) 
vidinf<3> HIGH (DUBIC mode) 

Td9 6 Idclk LOW (No DUBIC mode) 
vidinf<3> LOW (DUBIC mode) 

Td10 15 Idclk cycle (VGA) (No DUBIC mode) 
vidinf<3> cycle (VGA) (DUBIC mode) 

Tdll 0.4 7 Idclk — vsync/,hsync/ (VGA) (No DUBIC mode) 
vidinf<3>— vidinf<1:0> (VGA) (DUBIC mode) 

Td12 -4 Idelk 3 blank/ (VGA) (No DUBIC. mode) 
vidinf<3>— vidinf<2>_ (VGA) (DUBIC mode) 

Tdl3a -4 2 Idclk — vgad<5:0> (VGA) (No DUBIC mode) 
vidinf<3> — vgad<3:0>,0e<4:3>/ (VGA) (DUBIC mode) 

Td13b -6 4 Idclk — vgad<6>, va<l1> (VGA) (No DUBIC mode) 
vidinf<3>— oe<2>/, va<11> (VGA) (DUBIC_ mode) 

Tvpd | 10 vidcelk — Idclk 

Tlpd2 0 1 Idclk — sc<1:0> 

Tlpd3 2 8 Idclk — smuxsl (1) 

Tlpd4 1.5 i) Idclk — cde, blankN, even (1) 

Tlpd5 1.5 7.5 Idclk — h[v]syne (1) 

Tlpd6 0 4 Idclk ==> soeN<1:0> 

Tvpd7 3 19 vidclk_—> hf{v]sync, cde, blankN, even 


Table A-25: Video Interface Timing Parameter List 


(1) External resistance capacitor (RC) network must be added to respect most RAMDAC hold time 
constraints (3 ns). 


Note: 


SOEN<0> and SOEN<1> are both inactive for at least 1 Idclk cycle when switching between 
banks when NODUBIC = ‘Ol’. 


A-50 Appendix A: Technical Data 


MGA ATHENA Specification 


Ma _ trox Confidential 


A.3 Mechanical Specification 


ATHENA PQFP 240-Pin 
(Plastic Quad Flat Pack) 
Square/Gull Wing 


1.374 (34.9) 
-1.350 (34.3) 


ii 


1.268 (32.2) 
252 (31.8) 


Index Mark 


0) 


1.374 (34.9) 
T.350 (34.3) 


‘ 


ae er 


1.25 (0.49)_* 


beet 


a 


Ponte ge > 
9 esa ee 


LEGEND: Maximum Inches (millimeters) 


Minimum Inches (millimeters) 
Figure A-23: ATHENA M echanical Drawing 
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Detail A 


0.020 (0.5). 


| 0.012 (0.3) 
| Les 


| 
ee | _0.028,(0.70) | ey = 0.012 (0.30) 
0°-6 0.012 (0.30) 


. ; 0.006 (0.14) 
(Note 2) eer - 0.020 (0.50) Typ. 


Detail B 
I 
0.126 (3.2) Max. 
0. 150 (3.80) Max. 
(Note 1) 2 ana 
0.004 (0.1) —— aah 
0.043 (1.10) 


LEGEND: Maximum Inches (millimeters) 
Minimum Inches (millimeters) 


Notes: 

1. Co-plananity of all leads shall be within 0.1 mm (0.004 in.). This is the difference 
between the highest and lowest lead with seating plane -C- as reference, 

2. Lead pitch determined at datum -D-. 


Figure A-24: ATHENA Mechanical Drawing (Details) 
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Appendix B: Customer Support 


Tis appendix provides instructions on how to contact Matrox Customer 
support. 


B.1 Customer Support 


= If you have a problem or question that isn’t explained in this manual, you can contact the Customer 
Support Group at Matrox. Our phone numbers are: 


= Outside the U.S. and Canada: (514) 685-2630 
» FAX: (514) 685-2853 


» You may address your technical support questions via electronic mail by posting a message to: 
GRAPH_TS@MATROX.COM 


® You may also write to us at the following address: 


Matrox Graphics Inc. 
Customer Support 
1055 St. Regis Blvd. 
Dorval, Quebec 
Canada H9P 2T4 
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Power Graphic Mode Registers 


ADRGEN ........... Address Generator .......:s:eseeeeees 5-45 
ARO s..3esheck Multi-purpose address register 0 .....5-26 
AR iek heen he hecicesd Multi-purpose address register 1 .....5-2 7 
AR2 vi ceckaonee Multi-purpose address register 2 .....5-2 7 
AR3 eines. Multi-purpose address register 3 .....5-2 8 
ARA ..o.eeceecesseneeees Multi-purpose address register 4 .....5-2 8 
ARS heccsiecnes Multi-purpose address register 5 .....5-2 9 
ARG scctnsveutees Multi-purpose address register 6 .,...5-2 9 
BCOL .... eee Background Color... 5-20 
BYTACCDATA . Byte Accumulator Data ...........00.. 5-45 
CLASS 4.2 ache: Clas § Code. csnanacnainea ected .5-6 
CONRFIG.............. Configuration 0... eeeseeeteeeeseee 5-52 
CRTC_CTRL..... CRTC Control .0....eeeeceseseeeteteeeees 5-61 
CXLEPT .......0.00.. Clipper X minimum boundary......... 5-33 
CXRIGHT........... Clipper X maximum boundary ........ 5-34 
DEVCTRL ......... Device Control ........:csceeeeseeeeeeeeees 5-5 
DEVID ............... Device TDi. iccchdecescciceesnwiecncc. 5-4 
DRO ssssssssesinrinnass. Data ALU register 0.. ....sceeeeeeeeeeees 5-36 
DRI sascctisecs: Data ALU register |. 5-36 
DR2 sitentittics Data ALU register 2.. ove 5-37 
DR3%. sesnidecteresgecsts Data ALU register 3... 5-37 
DR4 weeeecccceeeeseees Data ALU register 4.. ....c.cceeeeee .5-38 
DR5eeaiaeanee: Data ALU register 5.0... .5-38 
DRO oe eeeeeeeeees Data ALU register 6.0... 5-39 
DRY stiadandon Data ALU register 7.0... 5-39 
DR8\ccctiteiite dieses Data ALU register 8.. 0... 5-40 
DRO .....eeeeeeeeere Data ALU register 9.. voce 5-40 
DRO? sscscccceiseseece Data ALU register 10.. 0. eee 5-41 
DR di seeks Data ALU register 1] oo. 5-41 
DR12 we Data ALU register 12... 5-42 
DRU3) sessscstcstiens: Data ALU register 13.. «0... eee 5-42 
1D) re Data ALU register 14... 5-43 
DRS: sissdieis.cc: Data ALU register 15.. 0.00 5-43 
DSTI-0.. we. Destination ine. ......cceseseseseeseeeees 5-17 
DWGCTL ........... Drawing control register. .............. .5- 10 


| FL: 6) Berecrrerrerreree Foreground color/Background 
Hemanumcaes ZMAMMG 4 sileiesacaw ancien tonee 
FIFOSTATUS..... BUS FIFO status register... .............. 5-46 
FXLEFT ............. X address register (left). .......... 5-34 
FXRIGHT .......... X address register (right) ww... 5-35 
HEADER ............. HEACER se -sccsecccsctsccsessscevesccteseoscstesnsseeees 5-6 
ICLEAR ............. Interrupt Clear register. 0.0.00... 5-48 
TEN stcccetesss Interrupt Enable register ................. 5-48 
INTCTRL........... Interrupt Control ......eeeeeeeeeeeees 5-8 
INTSTS ....... Interrupt Status... cece 5-49 
LEN ...eeeeeteeeteeeeees Length? divcssnnaddhananaadaaian 5-26 
MACCESS ......... Memory access register... 5-15 
MCTLWTST ...... Memory control wait state... 5-16 
OPMODE........... Operating mode... eee 5-57 
OPTION ............. QPtHON wise cecescsescisectececseecsseseccescetsseteess 5-9 
PITCH. .2s.3s:f0805 Memory pitch ...cccccccceeeeeeeeeens 5-30 
PLNWT .............. Plane write mask ........sseseeeeeeeeeeees 5-19 
REV 25 -siccsedeciccxcees REVISION. ihe 5-51 
ROMBASE ........ ROM Base Address ......... cece 5-7 
RS Teteeneecnn RESC Essie ERROR RRR 5-49 
SGN ivsiesceseeesieed Sion natch enone: 5-25 
SHIPT. sscsssssesieies Funnel shifter control... 5-24 
SRCO,SRC1, SRC2, SRC3 

Sestedeetdeateass aateese Source register 0... eects ed | 
STATUS.. «0.0... Status register. occceeeecseseeeeeees 5-47 
TERMBASE ...... Terminator Base Address ...0....0.0.0...... 5-7 
EST Asssereneteaus TOS scsisfisscczeciscetesosscavaccestorestestesetetecs 5-50 
VRAMPAGE....... VRAM ' Page oi. csticstecatscsissasbentecsteestoes 5-44 
XDST weeeedsccs X Destination address register. ...... 5-35 
XYEND............... XY end address wo. .5-23 
XYSTRT oe XY start address oo... 5-22 
YBOT.. wee Clipper Y maximum boundary ........ 5-33 
VY DST isiietia cs: Y address register. oo ccceeeeeeeeeeees 5-31 
YDSTORG ......... Memory Origin. ......cceccseeeeeeeees 5-32 
YT OR ceectissvsseseses Clipper Y top boundary ..0..... 5-32 


ZMSK... ....ceeeeee Z mask control register 0.0... 5-18 


Power Graphic Mode Register Fields 


200MH2<2> ooo. cece 5-53 
ADACKI8><s ac. heehee es 5-13 
above 1 meg<12> R/(W). ........... 5-54 
addrgendatac3 1: O> we 5-45 
addrgenstate<29:24> oo. 5-46 
AOR) > ees 5-13 
alphadit<24> oe 5-12 
BWA DS 6 Sn lee 5-61 
F140 ol C6 ds 0 >a ae 5-26 
atl 23: OSeceae Soe 5-27 
ET ol id 0 > cee ee 5-27 
AP3<23:0> oooeccccccccscesseetseeees 5-28 
Fd Ot is 0 > 5-28 
a <1 708s cawonancvesciwas 5-29 
AOC EOS eee ete 5-29 
athena idc3 1:7>. 00. eeeeeeeeee 5-51 
atype<S:4> eee 5-10 
backcole3 1 20> wee ees 5-20 
backz<15:0> oo. 5-20 
bempty<O>. 0. ecccceeeeeeeeeees 5-46 
bferriclr<O> oo. ce eee 5-48 
bferrien<O> oo... 5-48 
bferristS<O> ooo. 5-47 
bfull<@>.. fuschia: 5-46 
biosen<9> R/W ou... 5-54 
10) (v6) 4000 < 0 > 5-11 
bltmod<26:25>..... cece 5-12 
DOP<19: 16> oo ceseeeeeee 5-11 
byteaccaddre22: 16>... 5-46 
byteaccdatac3 1 :0> woes 5-45 
byteflag<11:8> oo 5-47 
Chiprev<6:0> oo. ccceeceeeneees 55 1 
Class<3 195% occ cscsteccisvstesciecissctes 5-6 
configcl :0>R/W........cccce 5-52 
CTECDPp<1:0> oo eeeceeeeeeeeeees 5-61 
exlefte: 12:0> sss cciccsccaucs 5-33 
CXTIGHI<1 2:0> oo. eeeeeeeeteeeeeees 5-34 
CYDOK26:0>..ecccceceeeeeeeeees 5-33 
CYTOP<26:0>. oe eccceeseeteseeees 5-32 
device<3 1:16> 0... eee 5-4 
devseltim R<26:25> 00... 5-5 
dmaact<1> R/W oo... eee 5-57 
dmamod<3:2> R/W.. .......0006 .5-57 
dmatciclre 1> ee 5-48 
dmatcienc I> wee 5-48 
dmatcistsc 1> ices 5-47 
103 1 20> eee ceeeeeeteees 5-36 
ATV OS ciercieectcsctsccteecteentsectes 5-36 
Or2<3 10> eee 5-37 
1331203 wees 3: 5-37 
Or4 <23:0> iceccccssccssssesseeees 5-38 
Ur5 <23:0> ooeeccccececseseeeeeeee 5-38 
On6:<23: OF ici hacctcceie 5-39 
U7 <2320> ccc 5-39 


018:<23:0> veces: 5-40 
Or <23: OD sce plsssesisivedssissssessere 5-40 
dt lO <23:05: sis dnieducien, 5-41 
Ar 223 OS asuicsineis wee aace 5-4] 
Orl2:<23 05. ieee eeieccee: 5-42 
G13 <23:0> ooeeeececeeseeeeeeeeeeee 5-42 
i CG 0 > 5-43 
A015 623205) Sere ecetccewsieeties 5-43 
driverdy<8> RO... e 5-5 3 
dsti0<31:0>dsti1<63:32> ......... 5-17 
dwegengsts<16> 000.0. 5-47 
expdev<16> R/W.. cece 5-55 
£60<3:25) iivcnnnccaccncdnns 5-15 
fbm<23:20> R/W oe 5-59 
fifont<25:22> oon 5-24 
fifocount<5:0> oes 5-46 
forcole3 1 20> w..eeeceeeeeeees 5-20 
funcnt <6:0>...... eects 5-24 
funoffc2 1: 16>... 5-24 
fxleft<15:0> oe 5-34 
fxright<15:0> 000 5-35 
hbet <2 72 eis bees baie 5-13 
ACPrs<2B> oes 5-14 
headerc23: 16> wees 5-6 
ATSten<6> oe eeeseeeeeeseeees 5-62 
hyperpg<25:24> R/W....... 5-59 
interlace <4:3> 00. 5-61 
intline R/W<7:0> 0... 5-8 
intpin R<1S:8>. 0 eee 5-8 
iospace RIW<O> ooo. 5-5 
isa<28> R/C(W) woceceeeeeceeeees 5-56 
1VS12:05 ssc ananacanese 5-30 
length cl 5:0> 0... ceeeseeeteeeee 5-26 
levelirq cl 1> R/W.. oe 5-54 
ime ar<7> oo. eeeeeeeeeeeeeeeeeeeeeees 5-11 
mapsel<26:24> W(W) ........... 6 5-5 5 
metlwtst<31:0> oo. 5-16 
memspace R/W <1> ....... ee 5-5 
MiSC<3>RIW Weert 5-53 
mouseen<8> R/W.. oe 5-58 
mousemap<9> R/W.. 0... 5-5 8 
Newy<24> ohwhakadawakhs 5-3 1 
nowait<4> R/W oe 5-57 
OPCOd<3:0> oo. eee 5-10 
Pattern<29> eects 5-14 
PCi<27> RI(W) eecceeeeeeees 5-55 
PICKICI SDS Fo ssséscvssressiecsesesaiess 5-48 
PICKIEN<2> oo. eeeeeeeseeeeeeeeee 5-48 
PICKIStS<2>. oe eeeeeeeeeeeeeeeeeees 5-47 
plnwrmsk <31:0> 00... eee 5-19 
plnzmsk<7:4> . 0. eee 5-18 
pseudodma<0> R/W .......e 5-5 7 
pwidth<1:0> 000 5-15 


ramtest<1> R/(W). ccc 5-50 


TEVISION<B:0> oo... eceesseeseeeeeees 5-6 
rfhent<19:16> R/W ou. 5-59 
robitwren<8> RO.. oo... 5-50 
rombasec3 1: 15> wo. 5-7 
TOMENKOD. 0... .ceeccccceseseseeseeeeseees 5-7 
Scanleft<O> 0.0... .cccccceeeeeeeeees 5-25 
SAKIC) > een ee Se 5-25 
R10, ko be ee 5-25 
SAY QD ssesesescievedecsisictecetecsteeciecss 5-25 
SAYGXI<O> ooo. eeecceeceseeeeeeeeeeeees 5-25 
Sellinc3 1:29> woes 5-31 
SOftreset<O> oo... cece 5-49 
SPAge<26:24> ooo. 5-28 
speed<1:0> oes 5-9 
SrCTeg<1 2720> oes 5-21 
SICY]IN<23:0> oo. eeeeceeeeeeeeeeeeeee 5-44 
stylelenc22: 16> wee 5-24 
termbasec3 1: 14> woe 5-7 
testwren<9> RO ........ cece 5-50 
tram <26>R/W oo. ee eee 5-60 
trans<23:20> oo. 5-11 
traMsC<30> ooo. ccccceeeseeeeeeeees 5-14 
vendor<15:0> 0... os 5-4 
vesafeat <B>. ...ccccceceseeesees 5-62 
vgabank0<11> R/W.. oe 5-59 
vgaencl O> R/W.. wc 5-54 
vgasnoop RIWK<5>..... eee 5-5 
vgatest<0> R/(W) oo. 5-50 
videodelay<10,9,5> oo. 5-61 
VISteN <7> voiciecceccsscesecsseeseeesees 5-62 
VSYNCIENK3 >. eee eesti 5-48 
VSYNCSUS<3> oe eeeeeeceeeeeeeeeeeees 5-47 
waltcycle R<7> oo. eeeeeee 5-5 
ROStS S205 8s ene. 5-35 
X_eENd<15:0> oes 5-23 
KUOT<S3 OP « eedeececstineeeces 5-24 
X_Start<15:0> oe 5-22 
Vdst<23' 0S tacdeucestesenncs 5-3 1 
ydstorg<26:0> ee 5-32 
y'/ T es bene er pee eter ceeeeret eee 5-30 
y_end<3 1: 16> eee 5-23 
Y-Off <624> eee 5-24 
y_Start<3 1: 16> oe eeeeeeeee 5-22 
+1010) oH 0 > 5-18 
TCOIDIK <9 so cccc en eae Since 5-18 
ZAPWENK25> oo.eecccccccceseseseeseens 5-12 
DNC< 205 cio 5-13 
PUENSO > eissecseesssesigseieessesctberteess: 5-18 
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